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Vertebrate populations rarely are homogeneous. Instead they exist as arrays of
demographically variable subpopulations that are linked through dispersal. Variation in
habitat quality is a major cause of demographic variability among subpopulations, but few
studies have examined habitat-specific demography empirically. Here I present a detailed
field study of habitat-specific demography in Blue Jays (Cyanocitta cristata) that occupied
a habitat mosaic landscape in south-central Florida. By measuring habitat-specific
demographic parameters, including density, reproductive output, survival, and dispersal, I
tested for the existence of population sources and sinks associated with different habitats,
and the applicability of a series of habitat selection models using the observed habitat
occupancy distribution.
Because estimates of density were integral to this study, I evaluated the efficacy of
three common density-estimating techniques by comparing derived estimates with actual
density of Blue Jays across a range of habitats. The 30-m fixed-radius technique
performed better than the two other techniques and was used to estimate density for the
remaining analyses.
Variation in Blue Jay demography across habitats gave rise to population sources
and sinks (Pulliam 1988), providing the first empirical support for such population
dynamics in a generalist bird species using several habitats at the scale of a local landscape.
However, the resulting habitat occupancy distribution was inconsistent with both the
equal-competitors interference ideal free distribution (Sutherland 1983) and the
phenotype-limited interference ideal free distribution (Parker and Sutherland 1986) habitat
selection models. The observed habitat occupancy distribution of Blue Jays may be

X

consistent with the ideal despotic distribution (Fretwell and Lucas 1970), depending on
the validity of certain predictions of that model. If so, this study may be the first to
correctly identify an ideal despotic distribution in birds based on fitness (i.e., A). I suggest
that other empirical tests of these models have drawn incorrect conclusions about habitat
occupancy distributions, either because of misinterpretation of the models, or because
insufficient demographic data were evaluated.
The catholic use of habitats by Blue Jays, combined with patterns of breeding and
dispersal in relation to age, suggest that habitat-specific demography may be sufficient to
account for the relatively atypical social organization in this New World jay.
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Major Professor: Glen E . WoolfMiden, Ph.D.
Distinguished Research Professor, Department of Biology
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OVERVIEW

The focus of this dissertation is to study habitat-specific demography of Blue Jays

(Cyanocitta cristata) in a habitat mosaic landscape in south-central Florida. I measure
demographic parameters, including density, reproductive output, survival, and dispersal,
from several habitats, and relate variation in those parameters with components of habitats
and to each other. Integral to portions of this study is the accurate assessment of density
across the landscape. Although difficulties associated with estimating density of birds are
well known (see Ralph and Scott 1981, Ralph et al. 1995), the efficacy of most of the
commonly used techniques, especially when applied to multiple habitats, has not been
properly evaluated. Therefore, the first chapter of this dissertation is devoted to evaluating
density estimating techniques, and calibrating them for use in estimating density of Blue
Jays on my study site. The second chapter makes use of the adopted density-estimating
technique, and proceeds with the analysis of habitat-specific demography of Blue Jays in
south-central Florida.
Because the first chapter is mechanical, rather than conceptual, I have chosen not
to integrate it into the second chapter. Although the second chapter does depend on the
first, it is more conceptual, and stands on its own. Each of the chapters contains an
abstract along with introduction, methods, results, and discussion sections.
Acknowledgments, literature cited, tables, and figures are combined for both chapters.
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Tables and figures are numbered sequentially throughout the entire dissertation, rather
than for each chapter separately, and follow the Literature Cited section.

3

CHAPTER 1. EVALUATION OF DENSITY ESTIMATING METHODS

ABS1RACT

Many of the analyses in this dissertation are based on estimates of Blue Jay
(Cyanocitta cristata) density generated from point counts. Although point counts are the
most commonly used techniques for estimating bird density, their efficacy is poorly
understood. In this chapter I test for effects of several factors that could confound density
estimates, and I evaluate the ability of three commonly used techniques to estimate density
of Blue Jays on a series of 3 .1-ha plots in eight vegetation associations in south-central
Florida. Density estimates were not affected by number of counts per point, time of day,
relative wind speed, extraneous noise, or cloud cover. Those factors therefore were not
considered when generating density estimates for analyses presented in Chapter 2. To
evaluate the ability of point counts to generate reliable estimates of density, estimates
generated from fixed-radius point counts (r = 30 m and 100 m) and the variable circularplot technique were compared to actual density of adult jays as measured from number of
active nests in each plot during the study period. Based on analyses at the level of the plot
(n

= 29), estimates from all three techniques were positively correlated with actual density

(r1

~

0.53, P

~

0.003). On average, the 100-m fixed-radius technique underestimated

density (P = 0.008), whereas the other techniques neither under- nor overestimated
density (P > 0.4). The slope of the regression of estimated density on actual density was
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significantly less than 1.0 for the 100-m fixed-radius (P < 0.001) and variable circular-plot
(P = 0.001) techniques, indicating those techniques tended to overestimate density when
actual density was low, and underestimate density when actual density was high.
Magnitude of error increased with actual density for all three techniques. Overall
variability in density estimation was greatest for the 30-m fixed-radius technique.
However, because the direction of error was random across the range of actual densities,
correlations between estimates and actual density for this technique were stronger than for
other techniques when plot-based values were averaged across vegetation associations.
Overall, the 30-m fixed-radius technique performed better than the other techniques based
on analyses at both the levels of the plot and the vegetation association.

IN1RODUCTION

Many of the analyses presented in this dissertation rely on estimates of density of
breeding Blue Jays in an array of habitats. Although ornithologists have long searched for
methods to estimate bird densities that may be conducted easily and rapidly and yield
accurate results (e.g., Williams 1936, Kendeigh 1944, Emlen 1971, Fowler and McGinnes
1973, Ralph and Scott 1981), the efficacy of most techniques is poorly understood.
Currently, the point count, of which several versions exist, is the most commonly used
method for estimating abundance or density of passerines (Ralph et al. 1995), and was
used in the present study. However, the degree to which point count estimates reflect
actual breeding density, rather than relative abundance, rarely has been tested.
Furthermore, researchers using point count techniques frequently do not test assumptions
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about factors or conditions that may confound interpretation of the estimates. The goals of
the present chapter were to test for effects of certain factors that may confound
interpretation of point count estimates, and to evaluate the efficacy of two commonly used
versions of point counts, the fixed radius point count (both 30 m and 100 m radii), and the
variable circular plot technique.
A variety of factors existed during the study that potentially could bias density
estimates derived from point counts. For example, the number of counts conducted per
point in the present study varied both within and between years for various reasons.
Additionally, several environmental factors potentially influenced my ability to detect birds
during point counts, and thereby affected density estimates. I tested for effects of number
of counts per point, time of day at which the count was conducted, relative wind speed,
cloud cover, and extraneous noise on number of jays detected during point counts. Even
when variation in the environmental milieu is accounted for, the accuracy of density
estimates generated from point counts remains unclear. Therefore, I evaluated the efficacy
of 30-m and 100-m fixed-radius point counts and the variable circular-plot method by
comparing estimates generated from them to actual density of breeding Blue Jays across
an array of point count plots distributed over several vegetation associations at Archbold
Biological Station in 1995.
The evaluations presented in this chapter provide a measure of the efficacy of point
counts when applied to relatively large, essentially non-territorial, highly mobile
passerines, and thus provide justification for the density estimation methods used
throughout this dissertation. This evaluation of the techniques is valuable for several
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reasons. (1) Although many studies have compared various density estimating techniques
(e.g., Anderson and Ohmart 1981, Edwards et al. 1981, Szaro and Jakle 1982, Hamel
1984, Verner and Ritter 1985, 1988, Hutto et al. 1986), I know of only two that evaluated
techniques by comparing their estimates of density to independent, known density values
(DeSante 1981, 1986), and each tested only the variable circular-plot method. (2)
Although the variable circular-plot technique is designed to reduce bias imposed by
variation in habitat structure (Reynolds et al. 1980), density estimates generated from
point count data have yet to be compared with actual density values for a single species
across a range of habitats. (3) Blue Jays are perhaps typical of medium to large passerines
in that their home range is larger than the plot size or range of detectability reported in
many studies estimating abundance of species in avian communities ( e.g., Szaro and Jakle
1982, Granholm 1983, Hutto et al. 1986). Studies evaluating efficacy of census techniques
with such species are rare. (4) Density of Blue Jays has been of interest in several studies
designed to determine changes in avifauna or relative abundance of potential nest
predators in different habitat types or under varying levels of human influence (e.g.,
Wilcove 1988, Engels and Sexton 1994, Greenberg et al. 1995, Lent and Capen 1995,
White et al. 1996 ).
In the present study I did not test the spot-map method, another commonly used
technique, because home ranges of individual Blue Jays overlap substantially, jays often
share what appear to be communal foraging areas (personal observation), and jays do not
sing or engage in conspicuous territorial displays. Thus, I suspected a priori that spotmapping was inappropriate for estimating Blue Jay density.

7
METIIODS

Study Site and Species
The study was conducted at Archbold Biological Station (Archbold), Highlands
County, Florida (27° 10' N, 81 °21' W). Archbold is located on the Lake Wales Ridge, an
ancient dune system supporting a variety of discrete vegetation associations ranging from
low, open, xeric oak scrub to tall, dense, mesic bayheads (Abrahamson et al. 1984). Adult
Blue Jays at Archbold are year-round residents that are relatively sedentary throughout the
year (K. A. Tarvin and G. E. Woolfenden, unpubl. data). Although breeding pairs weakly
and inconsistently defend small areas during the breeding season (Hardy 1961 ), home
ranges greatly overlap (Hardy 1961, Cox 1984, personal observation). Published
information regarding territory or home range size is non-existent; however, my
observations indicate home range of Blue Jays at Archbold varies on the order of 3 - 20
ha, depending on the individual, habitat, and season. Even so, up to 4 simultaneously
active nests have been found within a radius of 75 min some areas (K. A. Tarvin and M.
C. Garvin unpubl. data).

Point Counts
Point counts were conducted in April and May in 1993, 1994, and 1996, and from
late March through May in 1995. In 1993 counts were conducted from 45 points located
at intersections of an arbitrarily oriented grid spanning the study site. Points were at least
700 m apart. In 1994, counts were conducted from those same 45 points, plus an
additional 5 points located in citrus groves adjacent to Archbold. In 1995, 30 new points
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were established within specific vegetation associations ( see below for details of site
selection). Counts were conducted only from these 30 new points. In 1996, counts were
conducted from 17 of the 30 points used in 1995. The 17 points were chosen from
vegetation associations having relatively high densities of jays.
In 1993, 1994, and 1996, points were grouped geographically, and 8-min counts
were conducted from all points within a group on the same day to increase the number of
counts that could be conducted. A count of 8 min was a compromise between an attempt
to avoid counting individuals more than once, and an attempt to increase the likelihood of
detecting all Blue Jays in the area during a given count (Scott and Ramsey 1981,
Granholm 1983). During point counts, each individual Blue Jay detected visually or
aurally was tallied, and distance from observer was estimated. The sequence of sampled
points was determined using a stratified random procedure. The procedure was identical in
1995, except that the order of counts was not randomized because of constraints imposed
by other aspects of the study. Within a year, points were sampled from 3 to 11 times, and
the total number of counts per year ranged from 136 to 442.

Testing Potentially Confounding Factors
Number of counts per point. --Because the number of counts conducted at each
point varied within and among years, I tested for effects of the number of counts per point
on density estimates using data from 1993 and 1996, years in which I conducted at least
eight counts per point. For each of those years, I determined the mean number of jays
detected within 30 m of each point count plot center based on 3, 5, and 8 counts. Data
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from 1993 were not normally distributed, and normality could not be achieved with either
a natural log or square root transformation, so I tested for differences in the distribution of
jays across points among the three count classes using the Quade test, a nonparametric
two-way analysis of variance (Conover 1980: 295). Log-transformed data from 1996
were normally distributed (1 sample Kolmogorov-Smimov test: Z = 0.94; P = 0.345) and
variances were homogeneous (Levene's test: statistic= 0.26; df= 2, 48; 2-tailed P =
0.769), so repeated measures analysis of variance was used to test for differences in
number of jays detected at each point based on 3, 5, and 8 counts.

Time of day. --Most individual point counts yielded no detections of jays. A
majority of zeros renders linear regression analyses of the relationship between total
detections and other variables inappropriate. Therefore, for each year (1993-1996), I used
logistic regression analysis to determine the effect of time of day on the likelihood of
detecting jays during counts, using a linear measure of time of day in I-min intervals (0600
= 1, 0601 = 2 .. .0800 = 121, etc.) as the independent variable.

Relative wind speed.--! estimated relative wind speed during point counts in 1993,
1994, and 1996. Wind speed during counts was assigned to one of 8 categories: 0 = no
wind; 1 = 0 to light wind; 2 = light wind (I could see and feel effects of a breeze, but
generally did not hear wind in my ears); 3 = light to moderate; 4 = moderate (I could hear
wind in my ears); 5 = moderate to heavy; 6 = heavy (noise of vegetation being blown was
loud, bird sounds difficult to hear); 7 = heavy to strong; 8 = strong (storm conditions never encountered). The odd-numbered categories (e.g., 3: light to moderate) represent
counts during which wind speed fluctuated between adjacent even-numbered categories
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(e.g., 2: light and 4: moderate). I used the Kruskal-Wallis one-way analysis of variance to
test for differences in number of jays detected among wind speed categories.

&traneous noise.--In 1993, 1994, and 1996, I recorded whether or not I heard
automobiles, trains, cattle, or other loud, potentially obfuscating noises while conducting
point counts. I tested whether extraneous noise affected my ability to detect jays during
point counts using a Mann-Whitney U test to compare number of jays detected in the
presence of noise with that detected with no noise.

Cloud cover.--In 1993, I categorized cloud cover as "clear", "partly cloudy", or
"overcast" (another class, "foggy," was rare and was excluded from the analyses). In 1994
and 1996, I estimated the percent of the sky that was covered by clouds during each point
count to improve resolution over that obtained in 1993. Usually this estimate was made at
the beginning of the count, but if cloud cover changed dramatically during a count, the
estimate was altered accordingly.
I analyzed the influence of cloud cover on jay detections from 1993 using a
Kruskal Wallis one-way analysis of variance. I analyzed the effect of cloud cover on jay
detections for 1994 and 1996 using logistic regression analysis, in which presence or
absence of jays during point counts was the dependent variable, and percent cloud cover
was the independent variable.

Evaluating Point Count Techniques
Measuring actual density of breeding pairs.--In 1995, density of breeding jays was
determined within a set of 3 .1 ha circular plots (radius = 100 m). Aerial photographs were
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used to determine the number of non-overlapping 3. 1 ha circular plots that could be
established in each of eight vegetation associations at Archbold. Blue Jays nested in each
of the 8 associations, although only infrequently in some ( Archbold Biological Station and
K. A. Tarvin, unpubl. data). Characteristics of the vegetation associations are presented in
Table 1. Photographs of sandpine, scrubby flatwoods, ridge sandhill, and bayhead
associations appear in Woolfenden (1969; Fig. 1, 2 and 3, 4, and 5, respectively). Within
each association, all potential plots were numbered, and four were selected at random to
be sampled ( only two potential plots were representative of bayhead; both were used as
sample plots) for a total of 30 plots. A plot size of 3 .1 ha was chosen as a compromise
between the need for plots large enough potentially to contain multiple breeding pairs ( see
below), yet small enough that all active nests within the plot could be found with
confidence given the available person-hours during the study period. Although size of the
plots was perhaps smaller than optimum, the sampled plots comprised between 44% and
100% of the area available for sampling in 5 of the 8 vegetation associations (Table 2).
The sampling method based on this plot size may not represent the mean and variance of
Blue Jay density as accurately in the remaining vegetation associations.
Parties consisting of 1 to 5 persons searched plots for nests during mornings and
late afternoons from 20 March through 31 May 1995. During a search, persons were
positioned such that, with minimum movement, at least one would be able to see any jay
moving through the plot or hear its quiet intrapair calls (kut or kuet calls in Hardy 1961 ).
Each observer was responsible for a sector of the plot, and the sector monitored by one
observer slightly overlapped sectors monitored by other observers. Plots with vegetation
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structure that limited our ability to see jays from long distances or move through quickly
were searched by parties of 3 or 4 (rarely 5) members; plots easy to move through with
midstories and canopies that did not obstruct our views were searched by parties of 1 or 2.
Upon completion of each search, members of each party compared observations to avoid
overlap. Each plot was searched multiple times during the study period for a total of more
than 480 person-hours. On 75% of the plots that contained breeding jays, one or both
members of virtually all breeding pairs were marked.
Actual density of breeding Blue Jays was calculated by tallying the number of nests
in each plot and multiplying by 2 to account for both members of the breeding pair. Such a
measure may overestimate absolute density because jays nesting within plots likely spend
some time outside those plots. Because the plots were chosen using a stratified random
procedure however, such error is expected to be mediated by jays that spend time within
plot boundaries, yet nest outside the plot. The method may underestimate absolute density
if nonbreeding jays spend most of their time within plots. Because plot size was constant,
all densities are reported as number of individuals per 3. 1 ha plot.
Field methods used to estimate density.--Data used to estimate densities of
breeding Blue Jays were gathered in the field via point counts conducted by a single
observer from the center of the plot. Point counts were conducted at the beginning of nest
searches, after party members settled into their respective sectors, usually within 1-5 min
of our arrival on the plots. Most of the counts {64%) were initiated between 0500 and
1100 EST; the remainder were initiated between 1530 and 2000. No attempt to randomize
the timing of point counts across plots was made. Each plot was sampled from 3 to 8
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times during the study period for a total of 165 counts (Table 2). I conducted 62% of the
point counts; the remainder were conducted by three assistants. No attempt was made to
control for observer bias.

Generation of density estimates.--The following density estimates were generated
from the point count data:
Technique 1: 30-m fixed-radius point count.--Some studies using fixed-radius
point counts use a radius that is small relative to the home range, and perhaps the
detectability, of Blue Jays (e.g., Fowler and McGinnes 1973, Szaro and Jakie 1982,
Granholm 1983, Hutto et al. 1986). To evaluate the efficacy of such a method when
applied to larger birds, the first technique considered only Blue Jays detected within 30 m
of plot centers. The mean number of jays detected at each site over the 2.5 month
sampling period was calculated, and resulting values were standardized to number of jays
per 3 .1 ha to facilitate comparison with other techniques.
Technique 2: 100-m fixed-radius point count.--Because a plot of 30 m radius is
small relative to the home range of Blue Jays, and is unlikely to contain more than a single
breeding pair, and because jays potentially could be repulsed by our presence, I evaluated
the efficacy of fixed-radius point counts that use a radius better tailored to the habits of
Blue Jays. Thus, as a second technique, all jays detected within 100 m of plot centers were
counted and the mean number of jays detected at each plot over the sampling period was
calculated. A plot with a radius of 100 m is equal to 3. 1 ha; therefore, standardization of
mean values was unnecessary.
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Technique 3: variable circular-plot.--! tested the efficacy of the variable circularplot technique (Reynolds et al. 1980) by using point count data to calculate the distance at
which our ability to detect Blue Jays declined in each vegetation association. For each
plot, the mean number of jays detected within the association-specific sampling area was
calculated (Table 1}, then standardized to jays per 3. 1 ha. The calculated range of
detectability in two vegetation associations (tlatwoods, burned areas) extended well
beyond the boundaries of the associations themselves (i .e. , the range of detectability in
plots extended through more than one vegetation association). In those cases, only jay
detections that fell within the largest radius that remained within the focal vegetation
association in all directions were considered, thereby ensuring that the density estimates
were based on detections of jays within the focal associations.

Anarysis.--Because values of actual density were not distributed normally, and
transformations that rendered them normal were not found, I used nonparametric statistics
for most tests. I evaluated four aspects of each point count technique. First, I used
Spearman's rank correlation coefficients (r1) to test whether density estimates generated by
each technique were significantly correlated with actual density across plots. Second, I
tested whether, on average, a given technique over- or underestimated density by using
the Wilcoxon matched-pairs signed-ranks test for paired observations to compare
estimated and actual density values across plots. Third, I tested whether error associated
with estimates generated from each technique varied across the range of actual density.
Error e was defined as
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where d.

= estimated density and d =actual density.
0

To test whether the direction of

error (i.e., over- or underestimation) varied across the range of actual density, I used
Spearman's rank correlation to test for a relationship between e and actual density. This
procedure is analogous to a nonparametric method described by Conover (1980: 266)
used to test whether the slope of the regression of one variable on another is different
from a hypothesized slope of 1. 0. A slope of I .0 would arise if perfect congruence existed
between a density estimator and actual density. I also used Spearman's rank correlation
analysis to determine whether the magnitude of error, i.e., the absolute value of e, varied
with actual density. Finally, I used linear regression analysis to generate a coefficient of
determination (r) to index the overall variability in density estimates from each technique.
In addition to plot-based analyses, I used Spearman's rank correlation analysis to
examine relationships among density estimates, error, and actual density at the level of the
vegetation association. Because the sample size for such analyses was 8, statistical power
was insufficient to perform further analyses at that level.
I attempted to evaluate the extent to which structural complexity imposed error on
the density estimates. Aerial photographs were used to delineate regions of contiguous
forest canopy cover, and a geographic information system (GIS) was used to calculate the
total area of each plot covered by forest canopy. I used Spearman's rank correlation
coefficients to examine relationships among forest canopy cover, jay detectability, and jay
density.
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RESULTS

Testing Potentially Confounding Factors

Variation in the number of counts per point did not affect density estimates based
on data from 1993 (Quade 2-way ANOV A: n = 45 points, T 1 = 1.669, k 1 = 2, k2 = 84, P >
0 .1) or from 1996 ( repeated measures ANO VA: between subjects n = 17, F = 20. 91, df =
16, 1, P < 0.001; among subjects n = 17, F = 0.67, df= 32, 2, P = 0.519). Based on those
results, all remaining analyses included density estimates based on all counts at a given
point during a given year.
Time of day, wind speed, and extraneous noise did not significantly affect jay
detections in any year (Tables 3, 4, and 5, respectively). Cloud cover did not affect jay
detections in 1993 (Kruskal-Wallis one-way ANOVA: n = 435, x,2 = 2.203, df= 2, P =
0.332), 1994, or 1996 (Table 6).

Evaluating Point Count Techniques

Blue Jays were found nesting in 16 of the 30 plots. No nests were found in burned
or scrubby tlatwoods associations. In remaining associations, the number of nests per plot
ranged from O to 3 (Table 1). One plot in bay head contained 5 nests but was determined
to be an outlier ( Grubbs' statistic for outliers = 3 .18 5, P < 0. 0 l; Sokal and Rohlf 1981)
and was excluded from analyses. Actual density of Blue Jays varied significantly across
vegetation associations (Kruskal-Wallis I-way ANOVA: n = 8;

x2

= 18.43; df= 7; P =

0.0102). Density estimates also varied across vegetation associations (for each KruskalWallis I-way ANOV A, n = 8, df= 7; 30-m fixed-radius:

x2 = 16.84, P = 0.0184; 100-m

17
fixed-radius: ··t.,2 = 19.15, P

= 0.0011; variable circular-plot: x2 = 21.01, P = 0.0037);

however, rank of vegetation association by density varied among techniques.
Density estimates from all three techniques were positively correlated with actual
density (Table 7). Estimates varied substantially in both direction and magnitude of error.
Neither the 30-m fixed-radius nor the variable circular-plot techniques consistently overor underestimated density. The 100-m fixed-radius point count significantly
underestimated density on average (Table 7). The slope generated from the regression of
estimated density on actual density differed from 1. 0 for both the 100-m fixed-radius and
variable circular-plot techniques, indicating that they tended to overestimate at low
densities and underestimate at high densities (Table 7, Fig. 1 and 2). The slope for the 30m fixed-radius technique did not differ from 1.0 (Table 7, Fig. 1 and 2). Magnitude of
error increased significantly with actual density for all three techniques (Fig. 3). The 30-m
fixed-radius point count was the most variable of the three techniques, giving rise to the
lowest coefficient of determination (Table 7).
All three techniques generated estimates that were significantly correlated with
actual density at the level of the vegetation association (Fig. 4). The slope for the 100-m
fixed-radius technique was significantly less than 1.0, indicating that the direction of error
of estimates from this technique was influenced by the magnitude of actual density (Fig.
4). Direction of error of estimates was not related to actual density for the remaining
techniques (Fig. 4).

Sources of error.--Error in density estimates increased with density, and in one
case density was consistently. If high density vegetation associations (e.g., bayhead, park)
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were more heavily forested than low density associations, the pattern of error could be
explained as a decrease in detectability resulting from increasing structural complexity
(Reynolds et al. 1980). To evaluate this possibility, I tested for a correlation between
percent canopy cover within plots and actual density of jays. The correlation was not
significant (n = 29 plots, r, = 0.32, 2-tailed P = 0.094), but the power of the test was low.
Thus, effects of structural complexity may have been responsible for the pattern of error.
Range of detectability was correlated inversely with amount of forest canopy cover

(n = 29 plots, r, = -0.51, 2-tailed P = 0.004; see also Table 1), indicating that jays could be
detected at greater distances when forest cover was sparse. The inverse correlation
between range of detectability and mean density of jays across vegetation associations was
slightly stronger (n

= 29 plots, r, = -0.75, 2-tailed P < 0.001). This latter pattern suggests

that differences in detectability among associations may reflect differences in actual density
as well as differences in vegetation structure.

If Blue Jays are repulsed by the presence of observers, the number of observers in
plots during point counts also could account for the discrepancies between estimates and
actual density, because nest-searching parties tended to be larger in plots with greater
structural complexity (Tables 1 and 2). If repulsion occurred, negative correlations
between mean number of observers per plot and density estimates might be expected.
Instead, mean number of observers per plot was positively correlated with density
estimates generated from all three techniques (for each technique, n = 29 plots, 0.71 >rs >
0.54, 2-tailed P5. 0.002). The positive correlations likely reflect the positive relationships
between density estimates and actual density, rather than the attraction of jays to
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observers, because more observers were used for plots in structurally complex, high
density areas.

DISCUSSION

Testing Potentially Confounding Factors
The potentially confounding factors evaluated in this study did not appear to affect
detectability of Blue Jays during point counts. Although time of day has been shown to
affect number and abundance of species detected on point counts (Grue et al. 1981,
Robbins 1981b, Skirvin 1981, Blake 1992), I found no effect of time on total Blue Jay
detections during daylight hours. Furthermore, in 1995 most observations that occurred
during "bad" times of the day (i.e., late morning or early afternoon) took place in
associations which I knew a priori had few jays, and in which no nests were found
(scrubby flatwoods, burned areas). Density estimates from plots in those associations were
actually inflated relative to actual density, contradicting predictions based on effects of
time of day (but see Gutzwiller 1993, who found no effect of time of day on detection
probabilities of certain species). Likewise, variation in thermal conditions and air
movement may interfere with sound propagation (Richards 1981 ), and variation in certain
other weather conditions may influence bird activity (Robbins 198 la). In the present
study, such factors apparently did not influence detectability of jays. Because I found no
significant effects of time of day, wind, cloud cover, or extraneous noise on jay detections,
I did not consider those factors when calculating density estimates based on point count
data for analyses presented elsewhere in this dissertation.
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Evaluating Point Count Techniques
The value of the analyses presented in this chapter is dependent on whether the
measures of actual density were accurate. I am confident that all active nests within each
plot were found during the study period. Blue Jays emit conspicuous calls (kut or kuet
calls, Hardy 1961) during nest building and provisioning. Such calls may be detected from
more than 70 m distant, even in habitats having complex structure. Furthermore, male jays
at Archbold typically provision incubating females more than once per hr (K. A. Tarvin
and M. C. Garvin unpubl. data). Search parties are unlikely to have missed nests because
nest searches typically were I hr in duration, the duration of successful jay nests at
Archbold is about 40 days plus a 1-3 week building period (personal observation), and
each plot was visited at least once per week.
Although each of the three density estimating techniques evaluated in the present
study correctly revealed trends in actual density, each suffered shortcomings in the form of
inconsistent responses across the range of actual density and high overall variability in
predictive power. The 30-m fixed-radius technique exhibited the best overall performance
of the three techniques because its estimates were correlated with actual density, the rate
of increase of its estimates more closely tracked the rate of increase of actual density, and
it neither over- nor underestimated actual density on average. Although the magnitude of
error associated with the 30-m fixed-radius technique increased with actual density, the
direction of error was random, giving rise to a stronger correlation between estimated and
actual density when averaged across vegetation associations than was found for the other
techniques.
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Error associated with estimates generated from the 100-m fixed-radius technique,
and to a lesser extent, the variable circular-plot technique, was strongly affected by actual
density, reflecting a decrease in detection efficiency as the number of jays present increases
(Bart and Schoultz 1984). Thus, small but real differences in density across habitats may
not be detected by these two techniques because the magnitude of underestimation
increases as density increases. Detected differences in density across vegetation
associations may be considered real, however, because error was consistently manifested
as underestimation of density.
The tendency of each of the techniques to overestimate density when actual
density is low probably is best explained by the fact that jays may forage in areas in which
they rarely nest. This seemed especially true for several ridge sandhill and burned plots
that were adjacent to citrus groves, and in scrubby flatwoods plots adjacent to tlatwoods.
On several occasions in different vegetation associations, we noticed loose flocks of 4 - 8
jays moving through plots and away from groves. Jays in those flocks may have been
breeding in the groves or may have been unmated "floater" jays that were foraging in
native vegetation. Similarly, jays moving through scrubby flatwoods to reach patchily
distributed flatwoods may register on point counts, even though the time they spend in
scrub is relatively short.
Other assumptions associated with point count techniques, especially the variable
circular-plot, were not met, and conceivably, those violations could have led to errors in
the estimates. The most important bias in this study probably arises from differences in the
ability of observers to detect Blue Jays and to estimate distances (Cyr 1981, Scott et al.
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1981, Verner and Milne 1989). The magnitude of errors associated with such differences
in this study is unknown. Additional error may have emerged because, after reaching a
site, we usually waited for a short period of time for observers to settle in plots for nest
searching prior to beginning the point count. Repulsion of jays from the center of plots
during this short period could lead to underestimations of density (Verner 1985).
Studies by DeSante (1981, 1986) examined the efficacy of the variable circularplot technique at estimating density of multiple species within a single habitat type. The
findings presented here are similar to those of DeSante in that the variable circular-plot
technique tended to overestimate density when density was low, and underestimate density
when it was high. The results differ from those of DeSante in that, overall, the technique
did not underestimate density. The variable circular-plot technique is generally thought to
be more suitable for estimating relative abundance of birds across habitats than are fixedradius point counts, because the former employs the use of habitat-specific ranges of
detectability to reduce bias imposed by habitat complexity (Reynolds et al. 1980). An
unexpected finding of the present study is that calculations of the range of detectability
may be influenced to a greater extent by the actual density of birds than by habitat
complexity. This may be because detections of birds at great distances are overwhelmed
by those of nearer birds when density is high. Alternatively, the pattern may have arisen
because percent canopy cover was a poor index of habitat complexity. Either way, this
finding, coupled with the fact that estimations of distance from observer to detected bird
become less accurate as the distance between them increases, may account for the superior
overall performance of the 30-m fixed-radius technique over the variable circular-plot in
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this study. These results should be interpreted with caution, however, as Verner and Ritter
(1988) suggested that at least 100 registrations are needed to determine detection
distances for a species. In the present study, fewer than 40 registrations of Blue Jays were
obtained in 4 of the eight vegetation associations, and for none did the number of
registrations exceed 82 (Table 2).
Extension of the results of this study to other situations is limited by my focus on a
single species at a single geographic location in a single year, yet I know of no other
studies that test the efficacy of point counts across a wide range of habitat types. Perhaps
future studies will provide replication across species and locations to shed light on the
generality of these findings.
Based on the evaluations of point count techniques at both the level of the plot and
of the vegetation association presented in this chapter, the 30-m fixed-radius technique
appears to be the most reliable and is used to generate density estimates for the analyses
that follow.
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CHAPTER 2. THE INFLUENCE OF HABIT AT VARIATION ON DEMOGRAPHY
OF BLUE JAYS IN SOUTH-CENTRAL FLORIDA

ABSTRACT

Vertebrate populations rarely are homogeneous. Instead they exist as arrays of
demographically variable subpopulations that are linked through dispersal. Variation in
habitat quality may give rise to demographic variability among subpopulations, and models
of habitat-specific demography have greatly extended our concept of populations and our
understanding of population dynamics. Few empirical studies, however, have examined
detailed habitat-specific demography. Here I present a field study of habitat-specific
demography of Blue Jays (Cyanocitta cristata) that occupied a mosaic landscape in southcentral Florida. By measuring habitat-specific demographic parameters including density,
reproductive output, survival, and dispersal, I test for the existence of population sources
and sinks associated with different habitats. I also test the applicability of a series of
habitat selection models using the observed habitat occupancy distribution.
Blue Jays were found to be habitat generalists, breeding in many areas such as
dense dry and moist forests, patchily-forested flatwoods, and human modified parkland,
citrus groves, and cattle pastures with scattered trees. Adult density varied significantly
among seven macrohabitats, with density in open park almost 20 times that in shrubby
tlatwoods. Density was related to several habitat components including percent canopy
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cover, diversity of the understory patch types, and other features. Probability of nest
success and fledgling production varied among macrohabitats by factors of almost 8 and 5,
respectively, but neither was related to structural habitat components measured at any of
three scales. Survival of adult males and females did not differ, and annual survival rate of
all adults combined was approximately 55%. Robust adult survival rates could be
calculated for two macrohabitats, and those estimates were not statistically different from
one another. Minimum juvenile survival was 23.5%. At least 80% of juveniles dispersed
prior to the first January after they hatched. Breeding dispersal of adults (sensu
Greenwood 1980) was about 10% per year.
Source and sink subpopulations of Blue Jays existed on the study site (Pulliam
1988): in certain macrohabitats, productivity of offspring surviving to breeding age
exceeded adult mortality rates, while in other macrohabitats productivity of offspring was
insufficient to balance adult mortality. This is the first study to demonstrate source - sink
population dynamics of a habitat generalist occupying more than two habitats on a local
landscape scale. That jays appear to have higher fitness in some habitats than others
suggests habitat selection may exist, because Blue Jays are highly mobile and seem to have
the cognitive abilities necessary to assess habitat quality. Three pertinent models of habitat
selection were tested using data describing variation in density, reproductive output, and
individual quality across macrohabitats. All three demographic parameters varied across
macrohabitats, but density and reproductive output were not correlated. The equalcompetitors interference ideal free distribution model (Sutherland 1983) was not
supported because reproductive output varied significantly across macrohabitats. The
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phenotype-limited interference ideal free distribution model (Parker and Sutherland 1986)
was not supported because density and reproductive output did not covary. The ideal
despotic distribution (Fretwell and Lucas 1970) was supported in that reproductive output
was variable, but the predictions about density generated from this model remain unclear.
Thus, the observed habitat occupancy distribution of Blue Jays on the study site may or
may not conform to an ideal despotic distribution. If the prediction that density and
reproductive success must covary is not a valid prediction of the despotic model, then this
is the first study to identify an ideal despotic distribution based on fitness in a bird
population.
The catholic habitat use of Blue Jays, combined with observations that most
juveniles disperse prior to their first breeding season and that many breed as yearlings,
suggest that habitat-specific demography may be sufficient to account for the lack of
cooperative breeding in this New World jay.

IN1RODUCTION

Interest in habitat-specific demography of terrestrial vertebrates has grown in
recent years as empiricists have found that populations rarely exist as homogeneous
entities, but instead are better described as assemblages of demographically variable units
that are linked through dispersal (Pulliam 1996). Although theories of the influence of
habitat variation on demography and population dynamics have made great progress in the
last 15 years (e.g., Levin 1974, Holt 1985, Pulliam 1988, Howe et al. 1991, Davis and
Howe 1992, Watkinson and Sutherland 1995), empirical studies have lagged behind (see
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Tregenza 1995 and Dias 1996 for reviews). Here I present an empirical study of the
influence of habitat variation on demography of the Blue Jay, a medium-sized passerine
bird of the family Corvidae. I measured demographic parameters of Blue Jays in a variety
of habitats to address three major questions: (I) To what extent does demography vary
among habitats and with habitat components? (2) What are the consequences of habitatrelated demographic variability for population dynamics at a landscape scale? (3) How
does a generalist population experiencing habitat-related demographic variability respond
to the local landscape mosaic, and can the mode of habitat selection employed by those
generalists be inferred from the habitat occupancy distribution?
Although many researchers have recognized that vertebrate demographic features
such as reproductive success sometimes vary between or among habitats ( see Pulliam
1988, 1996 for examples}, few empirical studies consider comprehensive demographic
profiles across multiple habitats simultaneously. Notable exceptions include work on
warblers conducted by R. T. Holmes, T. W. Sherry and colleagues in the northeastern
United States, work with various tit species conducted by groups of researchers in both
England and continental Europe, and work with small mammals by D . Morris in Canada.
In recent years, conservation biologists have become interested in the demographic
relationships among geographically distinct "populations" of species which appear to be
exhibiting overall population declines or those that are considered threatened for other
reasons. This practical applicability has promoted both further empirical work and
elaboration of basic demographic and population models. Nonetheless, few if any studies
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have empirically examined detailed habitat-specific demography of a generalist species
across more than two habitats.
Much of the work on habitat-specific demography centers around one or both of
two topics, namely source - sink population dynamics and habitat selection. Both are
based on quantitative variation in demography among habitats, but their implications
differ. The recent interest in source - sink population dynamics is of practical consequence
because density or relative abundance of organisms across habitats may be a poor
indicator of habitat quality (Van Home 1983); hence, patterns derived from surveys of
abundance or population density may lead to gross mistakes in managing threatened
species. From a theoretical standpoint, the existence of sources and sinks greatly increases
the complexity of population dynamics, and has implications for life history evolution,
social organization, and community structure (Pulliam 1996). Interest in habitat selection
emerged in the late 1960s and early 1970s (e.g., Brown 1969, Orians 1969, Fretwell and
Lucas 1970, Fretwell 1972, Parker 1970, 1974), and received much theoretical attention
in the 1980s. Both theoretical and empirical attention, however, quickly shifted toward
more tractable questions of patch use by foraging organisms, in which short-term gains
drove the process of patch choice. Many of the models that appeared from the late 1970s
to the 1990s were applicable only in the most abstract sense to the choices of breeding
habitat made by relatively sedentary organisms such as territorial birds. Consequently,
although interest in habitat selection began with questions regarding the choice of breeding
sites, breeding habitat selection has been all but ignored empirically.
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In this study, I test for variation in density, productivity, survival, and dispersal of
Blue Jays across seven habitats and in relation to the component features that comprise
those habitats. I use these data to identify demographic parameters that may vary across
habitats, and to test whether this variation is consistently associated with habitat features
in a way that gives rise to source and sink subpopulations (Pulliam 1988). I also use
density and demographic data to determine the habitat occupancy distribution of the jays,
in an effort to infer the mode of habitat selection employed by Blue Jays from that
distribution. Finally, I briefly discuss the relationship of the observed demographic milieu
to the social system of Blue Jays, a subject that has not been addressed for the species.

Study Species
Relative to most birds in Florida, Blue Jays are habitat generalists. They are
omnivorous, consuming a wide array of arthropods, small vertebrates, fruits, seeds, and
occasionally flowers and human-processed foods (Tarvin and Woolfenden MS). Similarly,
they nest in a wide array of microsites, placing nests from 2 to more than 30 m above the
ground. Nests may be placed in or on shrubs, tangles of vines, large horizontal tree limbs,
crotches in trunks, or distal twigs near the tops of large trees, and the degree of nest
concealment varies substantially (Tarvin and Smith 1995). Plasticity of food and nest site
choice no doubt has allowed Blue Jays to occupy many ecosystems, ranging in structure
and composition from southern pinelands, through oak-hickory and beech-maple forests,
savannah-like and early successional deciduous forests, and southern boreal forests. In
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recent times, Blue Jays have become numerous in human-modified landscapes, especially
towns and suburbs and agricultural areas.
As generalists, Blue Jays have the potential to serve as an excellent model for
studies of habitat-specific demography, because demographic parameters are measurable
from a wide array of habitats. Because they are corvids, they have the potential to serve as
an excellent subject for studies of habitat selection, because they probably meet several
assumptions about decision-making that are inherent in habitat selection models. The most
important assumptions include the ability to assess habitat quality, and the ability to
locomote efficiently enough to assess many habitat patches at relatively low cost (Pulliam
and Danielson 1991 ). Corvids have highly developed cognitive abilities and spatial
memories (e.g., Jones and Kamil 1973, Goodwin 1986, Balda and Kamil 1989), and
because they are strong flyers, Blue Jays are quite capable of examining all habitats
occurring in a local area in a matter of a few hours, if they so choose.
Although Blue Jays range throughout eastern and northwestern North America,
few studies have documented social behavior or ecology of this species. The best studies
(e.g., Hardy 1961, Cohen 1977, Cox 1984) indicate that Blue Jays are not strictly
territorial. Rather, Blue Jays seem to defend space weakly and inconsistently, and breeding
pairs often nest less than 50 m apart, with nests sometimes as close as 10 m to other nests.
Blue Jays do not seem to be cooperative breeders, as are perhaps most other New World
jays (Goodwin 1986, Madge and Burn 1994), and the basic social unit of Blue Jays is thus
the breeding pair. In most habitats, these pairs share space with other pairs and individuals,
and these pairs and individuals often coalesce into flocks to forage or engage in social
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interactions (Hardy 1961, K. A. Tarvin and G. E. Woolfenden unpubl. data). The flocks
vary in membership, however, and are spatially and temporally ephemeral (Cohen 1977, K.
A. Tarvin and G. E. Woolfenden unpubl. data). These social patterns hold for the
nonmigratory population in south-central Florida. Because Blue Jays do not defend or
maintain exclusive territories, individuals from most habitats encounter many other
individuals from within and beyond the local neighborhood, and perhaps engage with them
in competition for food, nest sites, etc. In certain habitats at Archbold, breeding pairs are
spaced far apart, and the degree to which such pairs interact with other jays is difficult to
determine.

METHODS

Study Site
The study was conducted at and near Archbold Biological Station, a private 2025
ha preserve in Highlands County, Florida (2 7 ° 1O' N, 81 ° 21' W). Archbold lies at the
southern end of the Lake Wales Ridge, an ancient dune system dating to the prePleistocene. The Archbold landscape is a mosaic of discrete vegetation communities
resulting from variation in soil moisture and fire history (Abrahamson et al. 1984). Much
of the southern Lake Wales Ridge has been converted to citrus plantations, residential and
commercial development, and improved pasture, and thus, Archbold is virtually
surrounded by non-native vegetation communities. Although Archbold property spans
approximately 10 km along its north-south axis, its long, narrow shape dictates that in
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some regions the native vegetation spans less than 2 km along the east-west axis (Fig. 5).
During this study, about half of the property immediately to the west of Archbold
consisted of improved pasture. Most of this pasture is treeless, but some areas have
scattered slash pines (Pinus el/iottii). Three bayheads (Abrahamson et al. 1984) also occur
on the northern half of the western property. To the east of Archbold lies an expanse of
citrus groves, extending some 4 km to the edge of the ridge. Although citrus abuts the
northern quarter of Archbold, the remaining eastern border is buffered by a narrow strip
approximately O. 5 km wide comprising overgrown native habitat, improved pasture, and
human dwellings. Citrus grove occurs east of this strip.
The native vegetation communities of Archbold have been thoroughly described
(Abrahamson et al. 1984). Briefly, the communities fall into seven categories: southern
ridge sandhill, sand pine scrub, scrubby flatwoods, flatwoods, seasonal pond, bayhead, and
swale. Sandhill, sand pine scrub, and scrubby flatwoods are xeric communities, usually
occurring at higher elevations on well-drained soils. Swales, bayheads, and seasonal ponds
occur within interdunal depressions on poorly drained soils. Flatwoods occupies soils
intermediate in drainage. Abrahamson et al. (1984) subdivide each of the above categories
according to understory and ground cover components, which generally reflect variation
in soil drainage. In addition to the major categories described above are vegetation
associations influenced by human disturbance and manipulation, most of which occur off
of Archbold property, but were included in the present study. These include citrus groves,
improved pasture, and park-like sites associated with human habitation.

33
Variation in local fire history leads to structural variation within vegetation
community categories. Most obvious is the presence and expansiveness of pine canopy
cover and the height of the shrub layer. Both slash pines and sand pines (Pinus c/ausa) are
abundant on the study site, whereas a third species, longleaf pine (P. palustris), is rare.
Slash pines are associated with sandhill, scrubby flatwoods, flatwoods, and bayhead
communities, and often grow at the edges of seasonal ponds and swales. Sand pines are
generally restricted to sand pine scrub, but invade scrubby flatwoods and sandhill
communities when fire is suppressed. Pine mortality varies with intensity of fire, and
therefore, pine abundance and density vary substantially within community types
depending on local fire history. Fire history also influences the height and density of the
shrub and ground-cover layers, with the shrub layer in long-unburned patches of xeric or
bayhead communities attaining heights of more than 5 m. Height and density of shrub and
ground-cover layers of other communities, such as seasonal ponds and certain phases of
tlatwoods, quickly return to pre-fire conditions after burning, and, although fire is an
integral component of those communities, it does not substantially affect their gross
physical structure (Abrahamson 1984).

Habitat Assessment
Demographic data for this study were collected via point counts, nest monitoring,
and censuses at feeding stations (see below for details). Three major components of the
landscape surrounding each point count center, nest, and feeder were assessed: understory
(shrub layer) composition, amount of forest canopy cover, and time since fire or other
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major disturbance. Understory composition was determined from maps based on the
Abrahamson et al. ( 1984) classifications, with certain of their compositional categories
combined for the present study. The resulting classification scheme categorized patches
according to the dominant vegetation type. The categories of understory composition
were oak, flatwoods, seasonal pond, bayhead, human-modified, and citrus. Descriptions of
the categories are presented in Table 8. Abrahamson categories for most of the study site
were mapped and digitized in a geographic information system (GIS) by Archbold staff I
mapped and digitized the remaining areas. Fig. 5 depicts the distribution of the broad
categories of understory vegetation on the study site.
In addition to the Abrahamson community categories, I mapped the distribution of
forest cover for each year of the study and digitized these features in the GIS . Patches of
forest were outlined on 1:200 blue-line aerial photographs, using 1: 1200 infrared aerial
photographs as an additional reference, and then digitized electronically. A forest patch
was considered to be any agglomeration of trees that was detectable using the two sets of
aerial photographs. In most cases, two large trees having an inter-crown distance less than
the diameter of a single crown were considered a patch. However, two small trees meeting
the inter-crown distance criterion may not have been detectable on the photographs.
Single trees, regardless of their size, were not mapped, nor were sparse agglomerations of
trees for which the inter-crown distances appeared larger than the diameters of the
crowns. Forest patches were distinguished based on the dominant canopy species.
Virtually all patches were ground-trothed to confirm dominant species and location.
Dominant species was not determined mathematically, because only rarely does more than
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one species of pine occur in abundance within a local area. When such areas were
identified via ground trothing, the forest patch was considered mixed pine. Bayheads
containing slash pines were mapped as slash pine forest, because the bay trees rarely reach
to the upper canopy; patches of bayhead having no pines were mapped as bay forest. A
few areas, such as around the main buildings, were dominated by laurel oaks (Quercus

laurifo/ia), and were mapped accordingly. Fig. 6 depicts the distribution of forest canopy
across the study site.
Vegetation characteristics surrounding point count centers and nests were
quantified within 3.1 ha circular plots (radius= 100 m) centered on the points of interest.
This scale was chosen arbitrarily although it probably reflects a typical home range of Blue
Jays in preferred habitat (Cox 1984, personal observation). Vegetation characteristics
surrounding feeders were quantified within a 12.6 ha plot (radius= 200 m), because jays
from a wide area were attracted to the feeders ( see sections on survival and dispersal for
details regarding attraction of jays to feeders).
Vegetation characteristics within plots were quantified using a GIS "cookie-cut"
technique. In essence, the GIS delineates plot boundaries and calculates the area of the
plot occupied by each surface feature of interest, such as different types of understory.
Because plot size is finite, the relative amounts of each understory type were not
completely independent of one another; that is, an increase in area of a given understory
type could only occur with a concomitant decrease in the area represented by the sum of
all other understory types. Even so, because six understory types were considered, an
increase in one type should not dictate which of the other types must decrease. Therefore,
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for purposes of this study, relative proportions of the six understory types were considered
independent. For most analyses, the percent of the plot represented by a given understory
type, rather than the actual area of that understory type within the plot, was used as an
independent variable ( see sections on the influence of habitat on the various demographic
parameters for descriptions of models, transformations, etc.). In addition to assessing the
area of plots occupied by each understory type, I indexed the diversity of understory types
within plots using Simpson's formula (Simpson 1949)

D = N(N-1)/rin(n-l),
where D = the understory diversity index, N = the total area in m2 of all understory types,
and n = the area in m2 of each understory type with the plot. Based on a plot size of about
31,250 m2, plots containing only a single understory type have a value D = 1. 0. A plot
containing equal parts of all six understory types would have a value D = 6.0.
The amount of forest canopy cover in each plot was similarly quantified using the
"cookie-cut" GIS technique. For most analyses, forest canopy cover types were
categorized as primarily slash pine canopy, primarily sand pine canopy, or total forest
canopy cover. Again, percent of the plot covered by each forest type, rather than actual
area, was used in analyses.
Time since fire is a good index of the relative height of certain understory types
(Abrahamson 1984), and was determined from fire-history data provided by Kevin Main,
land manager for Archbold Biological Station. Fires at Archbold are typically patchy, so in
some cases, plots consisted of patches that varied in time since fire. For such plots, the
time since fire for

~

50% of the plot was assumed to represent the entire plot.
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Abrahamson (1984) demonstrated that the rate of return to pre-burn height of Lake Wales
Ridge vegetation is asymptotic, and varies among understory types. Understory vegetation
in swale, seasonal pond, and flatwoods communities typically returns to pre-fire height
within I - 2 years of burning. Shrubs in oak-dominated communities usually recover prebum height after about 3 - 4 years post-bum. After many years post-fire, structural
characteristics of bayhead and xeric communities change further as understory shrubs
become trees. Therefore, time since fire was grouped for the present study into 4
categories that reflected meaningful effects of fire on vegetation height. The categories
were (I) less than I year, (2) I - 5 years, (3) 6 - 20 years, and (4) more than 20 years
post-fire. Because plots consisted of mosaics of understory vegetation types, statistical
interactions of time since fire and certain understory types were used as independent
variables in many analyses (see sections on relationships between habitat component
variables and demographic parameters). Certain areas of the study site, primarily humanmodified areas, are rarely if ever burned, but the vegetation structure is modified in other
ways (i.e., mowing, intense grazing). Therefore, the time since major disturbance was
considered equivalent to time since fire.
The validity of the assumption that time since disturbance for ~ 50% of the plot is
representative of the entire plot is difficult to assess. If disturbance is important to Blue
Jay demography, misclassification of relatively undisturbed plots as "disturbed" could
render the true relationship between demographic parameters and disturbance difficult to
detect. Consequently, models describing habitat influences on demographic parameters
would be less robust. If disturbance has little influence on demographic parameters, it is
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unlikely that relationships would be falsely concluded, because the error of
misclassification should not be systematic (i.e., the probability of misclassifying plots as
disturbed when disturbance is not great should equal the probability of misclassifying them
as undisturbed when in fact they are greatly disturbed). Thus, this latter bias should be no
greater than completely ignoring disturbance in habitat analyses.
Table 9 presents a list of habitat component variables I used in habitat analyses. In
some analyses habitat component variables were used to define macrohabitats, and the
relationship of macrohabitat to demographic variables was assessed. In other analyses,
these variables were related directly to demographic variables.

Designation of macrohabitats surrounding nests and point count centers. -Macro habitats were designated by combining nest and point count plots from each year in
a single data set and using a hierarchical cluster analysis (Norusis and SPSS Inc. 1994) to
assign each plot to one of several categories based on the habitat component variables
listed in Table 9. Because features of some point count plots that were sampled in two
consecutive years changed over the interval because of fire, each point from each year was
considered independent and was included in the cluster and subsequent analyses. Most
habitat component variables consisted of the percent of the plot covered by a given feature
(i.e., understory or forest type). These variables were not normally distributed. Because
arcsine-square root transformations did not render them closer to normality,
untransformed values were used in all analyses. The clustering procedure used average
between-groups linkage and squared Euclidean measures to categorize plots. Prior to the
clustering procedure, values of all habitat component variables were transformed to range
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between 0 and 1 so that each variable was weighted equally regardless of the scale at
which it was measured. Preliminary exploratory analyses, combined with my impressions
of macrohabitat distinctions, suggested that 7 or 8 clusters would sufficiently account for
the major Blue Jay macrohabitat types at Archbold. The cluster analysis was designed to
categorize nest and point count plots into eight clusters, but one resulting cluster
contained only a single plot (a nest in dry forest on the edge of a bum). That plot was
subjectively combined with the cluster containing plots having characteristics most similar
to it ( dry forest).
After nest and point count plots were categorized into the seven macrohabitats by
means of the clustering procedure, stepwise polytomous logistic regression analysis was
used to confirm statistical distinctiveness of the macro habitats based on habitat component
variables in Table 9. Logistic regression analysis does not require assumptions of
multivariate normality or equal covariance matrices, and therefore is preferred over
discriminant function analysis (Press and Wilson 1978, Hosmer and Lemeshow 1989).
Furthermore, unlike linear regression, logistic regression analysis is able to test effects of
categorical independent variables. Variables with score statistic probabilities

~

0.05 were

allowed to enter models; variables were removed from a model if their score probability >
0.05 . Although macrohabitat categories identified in the cluster analysis were nominal (i.e.,
unordered), I was unable to devise a stepwise polytomous logistic regression with the
available statistical software that did not order the response variable. Results of the
polytomous logistic regression technique employed are dependent to some degree on the
order of the levels of the response variable, which in this case are the macrohabitat types.
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To determine whether the ordering of macrohabitats affected the ability of the procedure
to distinguish them, I performed several stepwise logistic regression analyses which
differed only in the order of the macro habitats. The first model was run with macro habitats
ordered as they were by the cluster analysis (which was arbitrary). I then ran a model for
which I ordered the macrohabitats such that no two that held adjacent ranks in the first
analysis remained adjacent. Subsequently, I ran four more models, in each of which the
ordering of macrohabitats was determined at random.
All six logistic regression models significantly fit the data, indicating that
macrohabitats were distinct (Table 10). However, the variables selected as good
predictors varied among models, as did the parameters associated with variables common
to several or all models (Table 10). This problem is to be expected, because the ordering
of the levels of a response variable dictates to some degree the slopes of predictor
variables, and thus affects the selection order of independent variables and the partial
correlations of variables remaining in the pool. However, because twelve variables (Table
9) were available for inclusion by the stepwise procedure into a model, the possibility
remains that the ability of the models to distinguish macro habitats, when using many
independent variables, was spurious.
I examined this potential problem two ways. First, I used a stepwise logistic
regression procedure that was allowed to select from only those variables that were
common to all six of the original logistic regression models. This new model also was able
to significantly distinguish the seven macrohabitats, using only two of the three available
variables (Table 11). Second, I randomly assigned each nest and point count plot to one of
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seven "dummy" macrohabitat categories. The frequency distribution of plots per dummy
macrohabitat category matched that of plots per real macrohabitat. I then repeated the
original stepwise logistic regression analysis, allowing selection from the pool of all habitat
component variables, in an attempt to statistically distinguish the seven dummy
macrohabitat categories using the real habitat component variables associated with each
real plot. This procedure was repeated two more times, each time using a different random
assignment of plots to dummy habitat categories. In none of the three models did a single
habitat component variable meet the criterion for entry into the model, and consequently,
none of the three models could distinguish the dummy macro habitats.
A problem with the analyses described above is that the logistic regression
techniques assume that the independent variables are linearly related to the logits (Hosmer
and Lemeshow 1989). This assumption was not met. Even so, all phases of the several
analyses supported the hypothesis that the macrohabitat categories identified by the cluster
analysis were distinct. Furthermore, the seven macrohabitats derived objectively via the
methods described above conform to my impressions of Blue Jay macrohabitat distinctions
at Archbold based on field observations. I therefore concluded that the macrohabitats
determined by the clustering procedure were distinct, and consequently those
macro habitat designations were used in subsequent analyses of the influence of
macrohabitat on demographic parameters.

Designation ofmacrohabitat surroundingfeeders.--Feeding stations were
assigned to seven macrohabitats using hierarchical cluster and stepwise polytomous
logistic regression analyses as described for nest and point count plots, except that plots
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surrounding feeders were 200 min radius (12.6 ha). This larger radius was chosen because
Blue Jays were attracted to feeders by a recording of taped Blue Jay calls and a
characteristic human whistle which the jays quickly learned to associate with food .
Because these cues usually were audible from more than I 00 m distant, a larger radius was
used to account for jays that may spend much of their time more than I 00 m away from a
feeder they visit. As was done for point count plots, feeder plots from each year were
included in the analyses.
In addition to clusters representing the seven macrohabitats, the clustering
procedure produced an eighth anomalous cluster, consisting of a single feeder over the 3
year period(= 3 elements in the cluster). This feeder was at the edge of a bayhead
bordered by a recent bum, and the cluster was subjectively ascribed to the macrohabitat
cluster including other bayheads. The final clusters designated by this procedure were
analogous to those designated for the nest and point count plots.
Table 12 presents the results of six original stepwise polytomous logistic
regression models testing the distinctiveness of habitats surrounding feeders. I tested
effects of variation in the order oflevels of the response variable (macrohabitats) following
the same procedure as described for the nest and point count plots. Table 13 presents
results of a single logistic regression procedure which was allowed to select from only
those variables common to the six models in Table 12. As was done for nest and point
count plots, a set of three models was run in which feeders were assigned to dummy
macrohabitat categories at random. No habitat component variables met the criteria for
entry in two of the models, and thus the models were unable to distinguish the dummy

43
macrohabitat categories. In the remaining model, a single habitat component variable (%
flatwoods) was selected as important at distinguishing macrohabitats; however, the overall
model parameters indicated the model did not fit the data well (Table 14). I concluded that
feeder macrohabitats designated by the clustering procedure were distinct. Descriptions of
the seven macrohabitats surrounding nests, point count centers, and feeders are presented

in Table 15.

Density
Density of Blue Jays was estimated via 30-m fixed-radius point counts (see
Chapter 1) in which all jays detected visually or aurally were tallied. Because number of
counts per point, time of count, wind, extraneous noise, and cloud cover did not affect
density estimates generated from point counts (Chapter 1), data from all counts conducted
between March and May of each year were used. Fallowing analyses presented in Chapter
1, density at each point count location was calculated as the mean number of jays detected
within 30 m of the point per count. Density estimates were standardized to number of jays
per 3.1 ha.

Selection ofpoint count plots.--The location and number of points from which
counts were conducted varied among the four years. Because changes in the array of point
locations led to analytical problems, the rationale for the changes are presented below.
1993 and 1994.--In 1993, 45 point count locations were established predominately
at intersections of a grid spanning the study site. Cell size of the grid was 700 m X 700 m.
This grid cell size was chosen to achieve a reasonable level of independence of point count
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data; i.e., to ensure that individual jays detected at one point were not counted at other
points. Casual observation of marked Blue Jays on Red Hill in 1991 and 1992 led me to
presume typical home range size spanned about 300-400 m. Thus, points separated by at
least 700 m should be reasonably independent.
The grid defining point count locations was generated using GIS. The origin of the
grid was arbitrarily designated in an unmapped region a few hundred m to the southwest
of Archbold. Grid orientation was arbitrarily defined with the caveat that the Y axis of the
grid was not north-south in orientation. This caveat was entertained because certain
landscape features on or near the study site (i.e., a railroad track, a state highway, and an
extensive pasture along the western boundary) are oriented along a near north-south axis.
Thus, the oblique orientation of the grid lessened the likelihood that habitat features
surrounding point count plot centers were systematically influenced by those landscape
features. Although the origin and orientation of the grid were chosen arbitrarily with
respect to features of the study site, the ensuing distribution of point count locations was
functionally random with respect to habitat features.
A map of the grid was superimposed onto a map of roads and other features of
the study site. Distances and directions from grid intersections to nearby roads and other
prominent surface features were measured using the GIS. Compass and measuring tape
were used to locate grid intersections and thereby establish point count locations in the
field.
Forty-one of the 45 points were located at grid intersections. However, I could not
accurately locate three point locations in the field because adequate road and surface
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feature maps were not available for those areas (MacArthur and Fender sections of
Archbold). In those areas, I established points arbitrarily, with the caveat that they had to
be at least 700 m from other points. A few grid intersections fell within broad treeless
pasture on the western section of the study site and were discarded. One of the treeless
pasture points was subjectively relocated to a nearby patch of forest .
In 1994, five additional points were established within citrus groves immediately to
the east of Archbold. The citrus groves in which these points were established were
contiguous with Archbold property, and the expansive grove landscape was uninterrupted
except by a few roads that ran through it.
1995 and 1996.--Preliminary analyses of the relationship between habitat features
and density based on data collected in 1993 and 1994 led me to question the validity of my
assessment of habitat features and the efficacy of point counts at yielding reliable density
indices. Although I conducted counts at 50 points in 1994, most of the points were either
in areas that had few or no Blue Jays, or were located at apparent ecotones. Also, I had
few points in dense sand pine forest and no points that were in bayhead or humanmodified parkland, vegetation associations that, although tiny in area, were suspected to
support high jay densities. Because I had few points that were located deep within
relatively homogeneous habitat, I suspected that the high degree of habitat heterogeneity
associated with most points obfuscated effects of habitat features on density. Furthermore,
although point counts are by far the most common method of estimating bird density,
published evaluations of the efficacy of point counts at estimating density across habitats
were nonexistent (see Chapter 1 for a brief review).
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In 1995 I established a new set of point count locations, with each point located
deep within relatively homogeneous habitat patches. Thirty 3 .1 ha plots (radii = 100 m)
were established, all of which were on or adjacent to Archbold, and from the centers of
which point counts were conducted. See Chapter 1 for details of plot selection. The design
described in Chapter 1 allowed me to ( 1) remove the potentially obfuscating effects of
habitat heterogeneity on density estimates, and (2) evaluate and calibrate the point count
method of density estimation. The trade-off of this new design was that many plots were
adjacent to other plots, and therefore habitat-specific density estimates may not have been
independent. On the other hand, the geographical extent of certain vegetation associations,
including bayhead and sand pine forest, was so small that the associations were virtually
exhaustively sampled.
In 1996 I conducted point counts from 17 of the plots used in 1995. The plots
were chosen to increase the sample of habitat component variables that had not been
adequately represented in 1993 and 1994 (those associated with sand pine forest, ridge
sandhill, human-modified park, and bayhead), but also included four flatwoods plots from
1995. One plot in human modified park from 1995 was not used in 1996 because of
logistical problems. Four plots in improved pasture from 1995 (a vegetation association
also under-represented in 1993 and 1994) were not used in 1996 because of newly
imposed restrictions regarding access to the property on which they were located.
Density estimates based on number of nests found in four 3. 1 ha plots in citrus
groves in 1995 were included in analyses, even though point counts were not conducted in
those plots. Using those estimates is justified, however, because density estimates
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generated from 30-m fixed-radius point counts were shown to be accurate when averaged
over vegetation associations (Chapter 1).

Density variation among macrohabitats.--Macrohabitat comprising each point
count plot was identified as described previously. Density estimates were not normally
distributed, nor could they be rendered so via transformation. Therefore, a Kruskal-Wallis
one-way ANOVA was used to test for variation in density among the seven
macrohabitats. The influence of year on density was not evaluated at the level of
macrohabitat, because macrohabitats were not evenly sampled across the four years.
Instead, effects of year on density were assessed along with effects of habitat component
variables, as described in the following section.

Relationship between habitat component variables and density.--Point count plots
sampled in 1993 and 1994 were not the same as those sampled in 1995 and 1996, and as a
result, the distributions of habitat features sampled in the two sets of years differed. In
1993 and 1994, few plots were in heavily forested or human-modified areas, but in 1995
and 1996, a greater proportion of the total number of plots sampled were in such areas.
Furthermore, several of the low-density plots sampled in 1995 were not sampled in 1996
because of time constraints. Because of this variation in sampling design, direct tests of
effects of year on density estimates among all four years cannot be made.
I approached this problem in two steps. First I tested for between-year differences
in jay density at the 43 point count plots that were sampled in both 1993 and 1994, and
were not burned during the interim. Density of jays across plots was not normally
distributed in either year (Kolmogorov-Smimov goodness of fit test: Z > 2.7, P < 0.0001
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for each year), and could not be rendered so by transformation, so I used the Wilcoxon
matched-pairs signed ranks test to test for a difference in density between the two years.
No difference was found (n = 43, Z = -1.02, P = 0.306). Density estimates at plots from
the two years were correlated, however (Spearman's rank correlation: r, = 0.316, P =
0.043). Similarly, I tested for a between-year difference at the 17 plots sampled in both
1995 and 1996. In this case, density estimates were normally distributed (K-S test: Z <
1.02, P > 0.25 for each year), and I used at-test for paired samples. Again, no difference
was found (t = -1.40, df= 16, 2-tailed P = 0.180). However, plot-based density estimates
from 1995 and 1996 were not significantly correlated (Pearson's r = 0.336, P = 0.188),
indicating that, although a general change in overall density did not occur between 1995
and 1996, density may have fluctuated widely among plots between the two years. The
correlation analysis is misleading, however, because in 1996, only plots that had relatively
high densities in 1995 were sampled, and the variation in density among those plots was
relatively low. Furthermore, the power of the correlation analysis was low given the
sample size of 17 plots (power= 0.257).
Regression analysis of the influence of habitat features on density based only on
data from 1993 and 1994 is likely to yield a predictive equation different from that
generated from an analysis based on data from 199 5 and 1996, because the distributions of
habitat features within plots differ between the two sets of years. However, if data from all
four years are combined, most of the variation in habitat features at Archbold is
represented. Virtually none of the habitat component variables listed in Table 9 had
characteristics of normality and homoscedasticity that are assumed in parametric analyses;
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nor did density. Transformations did not correct these problems. Because of these
problems, logistic regression analysis was used to evaluate effects of habitat features on
probability presence or absence of jays. I therefore used a stepwise logistic regression
analysis, including "yearset" (i.e., 1993 or 1994 vs 1995 or 1996) as a categorical variable,
to build a model predicting presence or absence of jays at points, based on data from all
four years. The two-level factor "yearset" was used instead of the four-level "year" to
increase the power of the analysis. The model was based on 146 point count plots (45
from 1993, 50 from 1994, 34 from 1995, and 17 from 1996), and was built by selecting
from among yearset, the habitat component variables presented in Table 9, and terms
reflecting interaction between the diversity index and each of the three forest cover
variables, between time since disturbance and percent oak understory, and between time
since disturbance and percent human-modified understory.
During the stepwise model building procedure, variables were required to have a
score statistic with a probability less than 0.05 to enter the model, and a likelihood ratio of
less than 0. 1 to remain in the model. When more than one variable had a score statistic
probability less than 0.05, the variable with the highest score statistic (lowest probability)
entered the model (Norusis and SPSS Inc. 1994). Deviation contrasts were used for
categorical variables. Model building terminated when the addition of subsequent variables
did not improve the model significantly based on the -2 log likelihood ratio and associated
x_ 2 test.

Results from stepwise logistic regression analysis were evaluated based on the
improvement of a model over its predecessors and its ability to classify cases. The relative
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importance of variables within the model was evaluated based on the significance of the
variable coefficients, their associated R values, and their contribution to the quality of the
overall model (Hosmer and Lemeshow 1989). Because logistic regression uses
independent variables to predict the state of a dichotomous response variable, in this case
presence or absence of jays, information about variation in density among plots on which
jays were detected is disregarded by the analysis. However, for each case in the model,
i.e., for each plot, the logistic regression procedure generates a predicted probability of
presence of jays. The predicted probability potentially ranges from O to 1, and is therefore
linear and essentially continuous. To test whether the model predicting jay presence or
absence also is sensitive to variation in density among plots having jays, I used Spearman's
rank correlation analysis to test for association between the predicted probabilities of jay
presence and actual density of jays. A significant correlation was presumed to reflect a
relationship between the variables in the model and actual density of jays.

Reproductive Success
Nest monitoring.--Reproductive performance of breeding pairs was indexed by
monitoring nests. Nests were found via ad libitum searches throughout the study area in
1994, 1995, and 1996, although I spent substantial amounts of search time in many
habitats. In 1995, a series of3. l ha plots was established, within which all Blue Jay nests
were found and monitored (see Chapter 1 for details). In addition to nests in those plots,
other nests were found via ad libitum searches elsewhere. In all years, several nests were
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found incidentally as I was conducting other activities, and a few nests were found by
people other than my field assistants.
Once discovered, nests were monitored until termination, i.e., either fledging or
failure. Nests were checked approximately once every three or four days, depending on
the phase of the nesting cycle. As nestlings approached fledging age, or in cases in which I
was unsure of the age of the nest contents, nests were checked daily or on alternate days.
Nest checks were rarely invasive, and almost always consisted of observing nests through
binoculars to determine whether the breeding female was incubating or brooding. If she
was not, the observation continued until the female returned to sit, or until adults
provisioned the nestlings. If neither event occurred after a reasonable time ( 15 - 60 min,
depending on the phase of the nesting cycle), the nest was considered terminated. In such
cases, if the nest was in the late nestling phase, its surroundings were searched for
fledglings. Survival of fledglings was not monitored.
The phase of the nesting cycle (i.e., prelaying, incubation, brooding) can be
accurately determined by observing the behavior of the adults at the nest. For example,
only female Blue Jays incubate and brood ( Goodwin 1986), and until the latter half of the
nestling phase, males provision both sitting females and nestlings. Therefore, if a male
feeds only the female (i.e., does not feed nestlings), and the female does not thereafter
distribute the food to nestlings, one may conclude that the female is incubating rather than
brooding. This method is accurate enough to allow determination of hatch date to within a
day or so. Based on such observations, the age of the nest at termination usually could be
estimated.
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In similar fashion, the number of young surviving to fledging may be determined by
observing nest provisioning for several days prior to fledging. Observations of feedings
were made from a vantage point such that the heads of nestlings could be seen as they
stretched above the nest cup to be fed. Usually, nestlings spend much time standing within
the nest cup or on the rim for two to four days prior to leaving the nest. Such behaviors
allow accurate counts of older nestlings. Even so, in almost all cases, multiple visits were
made to the nest during this phase to ensure an accurate head count.
Only rarely was an attempt made to find and monitor all breeding attempts by
specific pairs throughout a season. Such cases were restricted to pairs for which relatively
complete histories had been compiled for other studies. However, in certain areas, both
first nests and replacement nests were found for a few breeding pairs. Because such
incidences were rare, all nests found within a season were assumed to be independent in
analyses. Similarly, nests of certain breeding pairs were found in more than one year.
However, because the number of such pairs was relatively small, I assumed nesting
attempts by single pairs in multiple years were independent.
Reproductive success of individual nesting attempts was indexed via any of three
measures, depending on the goals of the particular analyses. For the first index, nests were
classified as successful or failed, depending on whether at least one nestling survived to
leave the nest. The second index comprised the number of young that survived to leave the
nest. The third index consisted of the minimum number of days the nest was known to
have survived, regardless of its ultimate fate. This third index reflects the probability of
nest survival. Minimum nest duration was estimated by assuming an incubation period of
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17 days and a nestling period of 21 days. One day of laying was assumed for each egg in
the clutch or nestling in the brood. When clutch or brood size was unknown, clutch size
was assumed to be three (Stevenson and Anderson 1994). The laying period was assumed
to be equivalent to the number of eggs in the clutch or young in the brood minus 1,
because incubation generally begins with the laying of the penultimate egg. Minimum nest
duration was calculated by summing the minimum number of days a nest must have
survived prior to its discovery and the total number of days over which it was observed.
Thus, a nest found with four 3-day old nestlings is known to have survived at least 3 days
oflaying (minus 1 day), plus 17 days of incubation, plus 3 days post-hatching, for a total
of22 days upon its discovery. Minimum nest duration therefore could be estimated if the
date of either onset of incubation, hatching, or fledging was known, or if the age of older
nestlings could be estimated. On several occasions nestlings were banded, and in virtually
all cases, estimations of age of nestlings made through binoculars were congruent with
those made in the hand. All three indices of reproductive success could not be ascertained
for each nest, although in virtually all cases, at least one index could be determined. Thus,
nest sample sizes varied among analyses, depending on the reproductive success index
used. Most nests were located high in trees such that the contents could not be inspected
without undue disruption. Therefore, clutch size was almost never measured, and was not
used as an index of reproductive effort.
Only rarely was I able to determine the cause of failure of unsuccessful nests. In
most of these cases, failure was caused by predation, although at least one nest was lost to
wind damage.
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Variation in reproductive output among macrohabitats.--Probability of nest
success was calculated for each macrohabitat using the Mayfield method (Mayfield 1961,
1975). Daily nest mortality rates were estimated based on the total number of nest failures
observed during the period over which nests were under observation, summed over all
nests, rather than as a simple proportion of failed nests out of total observed. The method
is an improvement over the latter, more traditional, method because it accounts for the
fact that some nests are found in later states of nesting phenology than others. Failure of
older nests is less likely to be observed than is failure of nests found in earlier phenological
states, because the latter will be under observation longer. Differences in nest survival
rates(= 1 - nest mortality rates) among macrohabitats were identified with Program
CONTRAST (Hines and Sauer 1989), using a Bonferroni correction to account for
multiple comparisons. Program CONTRAST compares rates based on a general X, 2
statistic that addresses an unambiguous null hypothesis of homogeneity among several
survival rates (Sauer and Williams 1989).
Variation in production of fledglings ( number of young fledged per nest) across
macrohabitats was tested using a Kruskal-Wallis one-way ANOVA. Variation in minimum
known duration of survival of nests across habitats was tested in the same fashion.
In 1995, the number of gray squirrels (Sciurus caro/inensis) detected on plots
during point counts was tallied to assess the relative abundance of this nest predator
across macrohabitats. Data from plots of identical macrohabitat were pooled, and squirrel
abundance was calculated as mean number of squirrels detected per 8-min count from Mar
- May in each macrohabitat.
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Relationship between habitat component variables and reproductive output. --The
influence of habitat component variables on reproductive performance was examined at
several spatial scales. I tested for relationships among reproductive output and habitat
features measured within 3 .1 ha plots (as was done for analyses of the relationship of
habitat and density), within 0.1 ha plots, and within 0.07 ha plots. I also tested for effects
of nest site characteristics on nest success.
3. 1 ha plots. --To evaluate the influence of habitat component variables within plots
on nest success, nests were categorized as successful if at least one jay fledged from them,
and as failed if not. Stepwise logistic regression was used to identify habitat component
variables and interactions that were good at predicting nest success and failure. Variables
in the pool were identical to those in the analysis of the influence of habitat features on jay
density, except that year, instead of "yearset" was included. Selection methods of the
model also were identical to those in the density analyses, as were the methods of
evaluating the model. Preliminary analyses indicated that the week of the laying of the first
egg in each nest influenced success, and therefore it was included in the pool of variables
from which the procedure could select. In certain analyses, macrohabitat was included as a
factor in a manner analogous to analysis of covariance (ANCOVA) to determine whether
the ability of habitat component variables to predict nest success was influenced by
macro habitat.
Because an analysis of nest success versus failure disregards variation in number of
young fledged from successful nests, the predicted probabilities of nest success that were
generated by the logistic regression procedure were analyzed as was done for the density
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analyses. Because number of young fledged per nest is discrete and ranged from O to 4 in
this study, correlation analysis of predicted probability of success and number of young
fledged was inappropriate. Instead, I used a Kruskal-Wallis I-way ANOVA to test for
differences in predicted probability of success among the observed classes of number of
young fledged per nest.
A second method used to evaluate the influence of habitat features on nest success
was to determine the influence of habitat features on the minimum number of days each
nest was known to have survived (Martin and Roper 1988, Tarvin and Smith 1995).
Because minimum duration of nests essentially is an index of nest success that is
continuously distributed, it allows for correlation and linear regression analyses of habitat
features and nest success (Tarvin and Smith 1995). However, because habitat variables did
not meet assumptions of parametric tests, multiple linear regression analysis was
inappropriate in the present study. Nonparametric correlation analysis is valid, but in the
present case would involve many independent tests (because multiple habitat component
variables were of interest), thus potentially inflating the type II error. Therefore, to further
evaluate the efficacy of the logistic regression analysis described above, I used Spearman's
rank correlation analysis to test for association between the predicted probability of nest
success generated from the logistic regression analysis and the minimum duration of nests.
This test allows further assessment of the influence of habitat features on nest success,
based on the assumption that nests in high-quality habitats should survive longer than
those in low quality habitats, even if they never produce fledglings.
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Nest micro habitat and nest site.--The influence of habitat features on reproductive
success may operate at multiple scales, depending on the suite of predators, distribution of
food, or other factors ( e.g., Martin 1992, Martin and Roper 1988, Tarvin and Smith
1995). To account for effects of habitat features at different scales, nest site and habitat
features within 0.1 ha plots (radius= 30 m) and 0.07 ha plots (radius= 15 m) surrounding
nests (Martin and Roper 1988, Tarvin and Smith 1995) were measured for a subset of
nests monitored during 1995. Within each 0.1 ha and 0.07 ha nest plot I estimated percent
canopy cover, percent shrub cover, and percent grass cover, and each woody plant greater
than 4 cm diameter at breast height (dbh) was counted, identified to species and its dbh
measured. Additionally, I identified nest tree species and measured nest tree dbh and
height, nest height, and distance from nest tree to nearest shrub and adjacent tree,
recorded the relative position of the nest in the nest tree, and categorized each nest
according to a concealment index ranging from 0 (not concealed) to 4 (completely
concealed).
Two new variables found to be related to nest success in other studies (e.g., Tarvin
and Smith 1995) were created from the woody plant count data for use in statistical
analyses. These consisted of a variable representing all plants in the plot greater than 4 cm
dbh that were the same species as the nest tree, and a second variable representing all trees
that were the same species and in the same size class as the nest tree. "Large" trees were
those for which dbh was greater than the median dbh of all nest trees in the sample (32
cm). "Small" trees were those in which dbh was less than or equal to the median dbh.
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Stepwise logistic regression was used to identify variables that were good
predictors of nest success for each plot size and for nest site features separately. Results of
the logistic regression analyses were interpreted as described previously.

Effects of age on reproductive success. -- To examine effects of age of the jays on
breeding success, I categorized breeding pairs as those comprising two adults, and those
including at least one yearling. I used Fisher's exact test to determine whether the
proportion of successful nests was independent in the two breeder age categories. I
repeated the analysis using data from individual macrohabitats where possible.
I tested whether a significant proportion of yearlings do not breed by calculating
the proportion of all breeders of known age (i.e., adult or yearling) that were yearlings,
and comparing that proportion with the proportion of all individuals of known age sighted
from Jan - Jun (excluding birds of the year) that were yearlings, regardless of their
breeding status. Comparisons were made using contingency analysis. Data were
partitioned by year when sample sizes were sufficient. Data from 1992 and 1993 were
combined because of small sample sizes. An analysis considering data from 1992-1995
also was performed.

Survival
Blue Jay censusing. --Approximately 54 feeding stations were established across
Archbold and surrounding areas. Feeders were baited and jays were trapped or censused
during two periods of each year from 1993-1995 . The winter period spanned from midJanuary through mid-March, and the summer period from early June to mid- or late July.
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These census periods corresponded with periods immediately before and after the breeding
season, respectively.
Typically, each feeder was baited every 2 - 3 days for one to three weeks in each
census period, and the identity of all marked jays using the feeder was recorded. After one
or two weeks of baiting, jays were trapped. Each captured jay was aged (by plumage),
weighed and measured, and molt was scored. During the winter census period, jays were
categorized as either yearling (hatched the previous breeding season) or adult (hatched
prior to the previous breeding season) based on the color of the primary coverts (Dater
1970). During the summer census, jays were categorized as birds of the year (hatched
during the most recent breeding season), yearlings (hatched during the breeding season of
the previous calendar year), or adult (hatched during a breeding season prior to that of the
previous calendar year) based on plumage characteristics (Dater 1970, Bancroft and
Woolfenden 1982). Unmarked jays were fitted with a unique combination of colored leg
bands and a United States Fish and Wildlife Service numbered metal band. Blood samples
(0.01 - 0.1 ml} were collected via jugular venipuncture or brachia} vein prick from virtually
all jays for use in a concurrent study of blood parasites (Garvin 1996). Jays were released
after the above procedures had been performed.
Sex was assessed by presence of brood patch when possible, or by laparotomy
during 1994 and 1995. Sex was determined subsequent to banding for a few marked jays
later observed breeding. Sex of 45 adult individuals was determined using a logistic
regression model that had been built based on length of head and rectrix #6 of 13 9
individuals of known sex. The logistic regression procedure calculated the probability that
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each individual was a male based on various morphological features. Unknown-sex jays
having a probability score of 0.875 or greater were classified as males in subsequent
analyses. Those having a probability score of O. 125 or less were classified as females.
When applied to the set of jays of known sex on which the model was built, the logistic
regression procedure correctly classified 93% of males and females with probability scores
within the 12.5% tails of the probability distribution. The same procedure, but with a
unique model, was applied to unknown-sex yearling jays, resulting in the assignment of
sex to an additional 23 jays. In total, sex was determined for 223 jays used in survival
analyses.
Survival rates for adult males, adult females, and all adults regardless of sex were
calculated using a Jolly-Seber method (Program JOLLY, Pollock et al. 1990) based on
censuses of marked jays at feeders during the 6 census periods spanning 1993-1995.
Approximate midpoints of census periods (e.g., 15 February, 15 June) were used to
represent a "trap" period. A test for a sex-based difference in survival rate was performed
using Program CONTRAST (Hines and Sauer 1989).
I had insufficient data to estimate juvenile survival using Jolly-Seber based models.
Therefore, to get a crude estimate of juvenile survival rate, I used a tally of the total
number of jays marked as nestlings or fledglings in the months of Apr - Jul from 1989
through 1994, and considered the proportion of those individuals that were seen again
anytime after their first December to reflect juvenile survival rates. A slightly more
conservative rate was calculated by considering only jays seen as fledglings in the
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denominator. This latter rate removed the partial effects of nest mortality from juvenile
survival rate.

Influence ofmacrohabitat on survival.--Data from feeders in each macrohabitat
were pooled. Jays that shifted macrohabitats between census periods were excluded from
survival analyses. I tested whether removal of those jays from the analyses significantly
lowered survival rates in their original macrohabitat using program CONTRAST (Hines
and Sauer 1989). Survival rates of adult jays (males, females, and unknown-sex combined)
from most macrohabitats were estimated using Program JOLLY (Pollock et al. 1990),
based on data from the six census periods spanning 1993-1995. Tests for differences
among macrohabitat-specific survival rates were conducted using Program CONTRAST
(Hines and Sauer 1989).

Dispersal
Propensity to relocate. --Within each census period, presence and feeder location
was recorded for each individual jay observed. Individuals were sometimes seen at more
than one feeder. The "feeder of residence" was determined using a set of rules based on
the frequency distribution of the greatest distance among feeders visited by an individual
during a single period, and on criteria reflecting consistency of feeder use. In 95% of all
adult male bird-periods ( observations of an individual during a single census period),
individuals did not use feeders located more than 850 m apart, although the distribution of
potential feeder distances was fairly uniform from about 400 to 2100 m ( I sample
Kolmogorov-Smimov test, P > 0.05). Individuals that were seen at least twice during a
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census period used feeders located less than 850 m apart in over 90% of observed birdperiods.
The feeder of residence for an individual could be ascertained if, during a census
period, the individual was not seen at more than one feeder, except when those feeders
were less than 850 m apart and in the same macrohabitat type. If a bird was seen at more
than one feeder, and those feeders were less than 850 m apart yet were in two different
macrohabitats, the bird was assumed to reside at the feeder from which at least 75% of the
sightings were recorded. Thus, if more than one macro habitat was visited, at least four
sightings must have been recorded to establish feeder residence. If a bird was seen at more
than one feeder, and those feeders were greater than 850 m apart, the bird was assumed to
reside near the feeder at which at least 90% of the sightings occurred. Observations of
individuals that did not meet these criteria were omitted from dispersal analysis.
When the residency of an individual could be determined for more than one census
period, the individual was considered to have relocated (dispersed) over the interval if the
distance between feeders of residency was greater than 850 m, or if the macro habitats of
residency before and after the interval were different. If such a macrohabitat shift involved
a distance of less than 850 m, at least two sightings were required from each census
period, and at least 75% of the sightings in each period must have been from a single
macrohabitat. When a bird was sighted in more than two census periods, but residency
could not be determined for one of the periods, that period in which residency could not
be determined was omitted from the analysis. The remaining periods for which residency
could be determined were used.
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Propensity to relocate was assessed by calculating the rate of non-relocation, p
(i.e, I - relocation rate), in a manner analogous to the Mayfield method for calculating nest
survival rates based on exposure. p was calculated as

p = I - (K-~Yk) I ~Th
where K = number of individuals observed, Y = a random variable taking the value of I if
the K.111 individual did not relocate,

t

Yk = the total number of observed non-relocations, T

= a random variable denoting the length of time in years over which the K'1' indivdual was
observed, and ~Tk = the total number of bird-years in the sample. The variance ofp,

v2,

was calculated as

v2 = p

(1 - p) I ~Tk.

The interval between the winter and summer census period is approximately 0.33 yr; that
between the summer and winter periods is approximately 0.67 yr. Thus, observation of an
individual in two consecutive winter periods constitutes a single bird-year. Observation of
an individual in the winter period of one year, and the summer period of the subsequent
year constitutes 1.33 bird-years, and so on. The propensity to relocate was assessed for
adult males, adult females, yearling males, yearling females, and juveniles ( sexes combined
because of small sample sizes), and age/sex category-specific rates were compared using
Program CONTRAST (Hines and Sauer 1989). Program CONTRAST also was used to
assess the propensity of different age and sex classes to shift macrohabitats, by considering

Yin the above equation equal to the number of observed individuals that did not shift
macrohabitats, rather than the number of observed non-relocations.
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I tested whether juveniles and non-juveniles were more likely to desert some
macrohabitats than others when relocating using

x goodness of fit tests. Adults and
2

yearlings of both sexes were combined as "non-juveniles" because differences in the
propensity to relocate among those classes were not detected, and combining them
increased the sample size for, and thus the power of, the test. The expected distribution of
desertions across macrohabitats was derived from the distribution of observed bird-years
across macrohabitats. Similarly, I tested whether juveniles and non-juveniles were more
likely to relocate into some macrohabitats than others. The expected distribution of
macrohabitats into which jays might relocate was generated from the distribution of
feeders sampled across macrohabitats over the study period. The observed distribution of
macrohabitat-specific immigration events was compared to this expected distribution with
the

x2 goodness of fit test.

Relationships Among Macrohabitat-specific Demographic Parameters
I tested for correlations among density, indices of reproductive output, and
survival across macrohabitats using Spearman's rank correlation analysis. I also tested for
a correlation between density and an estimate of the number of juveniles produced per
breeding female per year. This latter index of reproductive output was calculated by
determining the probability of achieving a successful nest attempt within a breeding
season, and multiplying that probability by the mean number of fledglings per successful
nest for each macrohabitat. The index was calculated by assuming a breeding season of
122 days (mid-March to mid-July), and assuming each breeding pair would nest or renest
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until at least one fledgling was produced. Based on the mean duration of nest survival of
failed nests ( approximately 20 days from initiation of building to nest failure), an average
of 4 nesting attempts per breeding season is possible. Because the duration of a successful
nest attempt from nest building to independence of young is at least 76 days (6 days of
building, 40 days from first egg to fledging, > 30 days of fledgling care), production of
two successful broods per year is unlikely and was not considered. Probability of acheiving
a successful nest attempt within a season, Pseason, in a macrohabitat was calculated based on
the probability of no nest failures in any of the four possible attempts per season, such that

p scuon = 1 - ( 1 - p nest success)4,
where P ncstlU«.CU is the Mayfield estimate of nest success for that macrohabitat. For
example, if probability of nest success in a macro habitat is 0. 1, the probability of nest
failure is 0.9. The probability of failing four times in a season is thus 0.94• Therefore, the
probability of at least one successful nest is I - 0.9 4 = 0.34.
I also tested whether habitat features found to be related to presence and absence
of jays on point count plots also were related to nest success. This was done in two ways.
First, I applied a logistic regression model that was built on point count data to nest plot
data. Second, I built a new logistic regression model based on nest plot data, into which
the variables selected as good predictors of jay presence and absence were forced. The
difference in these two models is that the variable coefficients in the first were modeled to
fit the point count data, whereas in the second model new coefficients were calculated
specifically for the nest plot data. The array of variables was identical in both models. The
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predicted probabilities of nest success generated from each of the models were compared
between successful and failed nests using a Mann-Whitney U test.

Productivity ofMacrohabitats
Macrohabitat-specific productivity was estimated based on an equation describing
the mean net annual rate of replacement of breeding females, RF, calculated as

RF= (OF S1) / MF,
where OF = the number of female offspring produced per breeding female per year, S1 =
the survival rate of offspring to breeding age ( 1 year), and MF = the annual mortality rate
of breeding females. When RF > I, recruitment of non-immigrant juveniles exceeds adult
mortality~ when RF < 1, adult mortality exceeds recruitment of non-immigrant juveniles.
When RF = 1, no net change in the number of breeding females occurs between breeding
seasons, excluding changes due to immigration and emigration.
The number of offspring produced per breeding female per year was calculated as
described in the preceding section. The number of female offspring produced per breeding
female per year was assumed to be equal to half the total number of offspring produced
per female per year, based on an assumption of an equal secondary sex ratio. I did not
obtain robust estimates of survival rate of juvenile Blue Jays in the present study.
However, of 132 Blue Jays banded as nestlings or young fledglings (prior to August of
their hatching year) during 1989 - 1994, 31 were resighted when at least 8 months of age
(i.e., during or after their first January), yielding a minimum survival rate of 23.5%.
Because the sample from which this rate was derived includes nestlings, the estimate is
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lower than would be an estimate strictly describing juvenile survival (i.e., that from
fledging to first breeding). Some of these individuals were not resighted until they were in
their third or fourth year of life and many probably survived but were not resighted
because of dispersal or lack of widespread sampling in 1990 - 1992. Only one published
study presents estimates of juvenile Blue Jay survival. Hickey and Brittingham ( 1991)
estimated the juvenile survival rate in a partially migrant population in suburban Wisconsin
to be 45% (compared to an estimate of 53% for adults) based on life table analysis of band
recovery data. Because of the wide variation in these two juvenile survival estimates, I
performed separate analyses of macrohabitat-specific productivity using each. Mortality
rates (i.e., I - survival rates) of adult females were calculated based on Jolly-Seber
estimates of survival rates described in a previous section. Some analyses of macrohabitatspecific productivity were performed using a robust estimate of adult mortality based on
adults from all macro habitats combined; others used less robust estimates of macrohabitatspecific mortality.
The relationship between density and macrohabitat-specific productivity was
assessed using Spearman's rank correlation analysis when robust adult mortality rates were
used to calculate productivity. Because non-robust macrohabitat-specific mortality rates
could be calculated for only four macrohabitats, I did not test for correlations between
density and those productivity estimates.
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Other Analyses
Distinguishing among certain models of habitat selection requires information
about the average quality of individuals among macrohabitats (see discussion for details).
Therefore, I estimated the ratio of yearlings to adults sighted at feeders in each
macrohabitat during the prebreeding census periods. Data from all years were combined
because sample sizes were small in some macro habitats. A X, 2 goodness of fit test was used
to test for independence between the distribution of yearlings and adults across
macrohabitats. I also compared indices of body size (bill length, width and depth; length of
culmen; head length from occiput to tip of bill; tarsus length; length of primary 7; length of
central rectrix; mass) for both males and females across macro habitats using one-way
ANOVAs (a non-parametric ANOVA was used in one case for which data were not
normally distributed and variances were not homogeneous).

RESULTS

Influence of Habitat Features on Density
Density variation among macrohabitats.--Kruskal-Wallis one-way ANOVA
revealed significant variation in density among the seven macrohabitats (X,2 = 48.81, df=
6, P < 0.0001; Fig. 7). Pairwise Mann-Whitney U tests using a Bonferroni correction for
multiple comparisons indicated that density in shrubby flatwoods was lower than in dry
forest, open park, open tlatwoods, moist forest, and citrus macro habitats. None of the
remaining differences was significant.
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Relationship between habitat component variables and density. --Stepwise logistic
regression analysis identified five habitat component variables that together were good
predictors of presence and absence of Blue Jays on point count plots (Table 16). Yearset
was not selected by the stepwise procedure as a variable contributing significant influence
to the model. The fit of the final logistic regression model was significantly better than a
null model including only a constant (-2 log likelihood ratio= 109.01, improvement X, 2 =
84.42, P < 0.001), and the addition of each variable during the stepwise procedure
significantly improved the model fit (at each step, improvement X, 2 > 6.49, P < 0.02).
Predicted probabilities of jay presence based on the logistic regression model were
correlated with density at point count plots (r5 = 0.6972, P < 0.001, n = 146), indicating
the habitat component features included in the model influence density as well as
presence/absence of jays on plots.

Influence of Habitat Features on Reproductive Success
Information regarding habitat features and reproductive output was sufficient for
analysis of 169 nests found on the study site from 1994 through 1996. Number of
fledglings per nest and minimum duration of nest survival were correlated at the level of
the nest (r, = 0.78, n = 124, P < 0.001), but not at the level of macrohabitat (Fig. 8).
Minimum duration of nest survival and Mayfield estimates of nest success were correlated
at the level of macro habitat, but fledglings per nest and Mayfield estimates were not
correlated (Fig. 8).
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Variation in reproductive output among macrohabitats.--Program CONTRAST
(Hines and Sauer 1989) indicated Mayfield estimates (Mayfield 1961, 1975) of nest
success varied significantly among the seven macrohabitats (Table 17~ Fig. 9). KruskalWallis one-way ANOVA revealed significant variation in fledgling productivity (X 2 =
14.39, df= 6, P = 0.0256) and minimum duration of nest survival (X 2 = 14.27, df= 6, P =
0.0267) among macrohabitats (Fig. 10 and 11, respectively). Dunn's all pairwise multiple
comparison procedure indicated that fledgling productivity was greater in moist forest
than in dry forest and open park macrohabitats. However, the post-hoc technique detected
no significant difference in minimum duration of nest survival between any pair of
macrohabitats.
Number of fledglings per nest did not differ among macro habitats when only
successful nests were considered and effects of nest predation were thus removed
(Kruskal-Wallis one-way ANOVA

x2 = 7.08, df= 5, P = 0.2146; n = 6 macrohabitats

because only one successful nest was observed in open flatwoods). Relative abundance of
gray squirrels varied among macrohabitats (Kruskal-Wallis one-way ANOVA

x2 = 20.60,

df= 4, P = 0.0004), with dry forest having more squirrels than shrubby flatwoods or open
park macrohabitats. Moist forest and shrubby park were intermediate in squirrel
abundance. Open flatwoods and citrus were not sampled, but squirrels were not observed
in those macrohabitats.

Relationship of habitat component variables and reproductive output.-3 .1 ha plots. --Stepwise logistic regression analysis identified week of first egg and
percent P. e/liottii canopy cover as important predictors of nest success from the 19
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variables and interaction terms in the selection pool (Table 18). Week of first egg was
entered first by the procedure, and the addition of percent P. elliottii canopy cover
significantly improved the model (-2 log likelihood ratio= 151.376, improvement x, 2 =
9.894, P = 0.0017). Because week of first egg is not a habitat variable, a subsequent
model was run that incorporated only percent P. e/liottii canopy cover as an independent
variable. The fit of that model was significantly better than that of a model including only a
constant (-2 log likelihood ratio= 196.097, improvement x, 2 = 12.531, P = 0.0004; Table
19). Even so, although the model correctly classified most unsuccessful nests, it was poor
at classifying successful nests, rendering the reliability of the model questionable.
Macrohabitat was not selected by the stepwise logistic procedure when it was included as
a factor in the variable pool. Probability of success as predicted by the logistic regression
model varied significantly among levels of number of young fledged (Table 20), although
Dunn's all pairwise multiple comparison procedure did not reveal any pairwise differences
among fledgling productivity categories at a= 0.05. Probability of success was only
marginally correlated with the minimum duration of nest survival (r. = 0.164, P = 0.070, n

= 124).
Nest microhabitat and nest site.--At both the 0.1 ha and the 0.07 ha scales, only a
variable reflecting the total number of P. elliottii trees in the plot was significantly related
to nest success (Table 21, Table 22). For each plot size, a logistic regression model
including the variable was significantly better than a model including only the constant (0.1
ha plot: n = 52, - 2 log likelihood ratio= 54.248, improvement x, 2 = 9.945, df= 1, P =
0.0016; 0.07 ha plot: n = 52, - 2 log likelihood ratio= 57.142, improvement x, 2 = 7.051, df
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=

1, P = 0.0019), but both models were poor at classifying plots in which nests were

successful (Tables 21 and 22). Substitutions of correlated variables for total number of P.

el/iottii trees in the plot did not improve the logistic regression model for either plot size.
No nest site characteristics produced score statistics sufficient for entry into the
stepwise logistic procedure (i.e., P > 0.05). Nest height and nest tree height each had
score statistics less than 0.1, but models into which these variables were forced performed
poorly (P > 0. 08, percent of successful nests correctly classified < 19% for each model).

Effects of age on reproductive success. --Of 3 5 nest attempts for which I could
determine the age composition of the breeders, 1 of 7 attempts in pairs containing at least
one yearling was successful, whereas 17 of 28 attempts by pairs comprising 2 adults were
successful. This difference in proportion of successful nest attempts by age category was
significant (Fisher's exact test, 2-tailed P = 0.0401). Differences in the proportions were
not detected when only data from shrubby park (yearling pairs: 1 of 3 nests successful;
adult pairs: 6 of 10 successful; 2-tailed P = 0.5594) or open park (yearling pairs: 0 of 3
nests successful; adult pairs: 5 of 11 successful; 2-tailed P = 0.2582) macrohabitats were
considered.
The proportion of breeders that were yearlings did not differ from the overall
proportion of yearlings in the population in 1995 (X 2 = 0.03, df = 1, P

= 0.8679; n = 48

breeders and 206 individuals sighted) or in 1992 and 1993 combined (Fisher's exact test,
2-tailed P

= 0. 0783; n = 20 breeders and 13 8 individuals sighted), indicating that virtually

all yearlings bred in those years. However, the proportion of yearlings breeding in 1994
was significantly less than the proportion of yearlings in the population as a whole (X 2 =
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9.79, df = 1, P = 0.0018; n = 34 breeders and 170 individuals sighted), a pattern that
remained when data from all four years were combined (X 2 = 10.58, df= 1, P = 0.001 l; n
= 102 breeders and 514 individuals sighted).

Survival
For both males and females, Jolly-Seber models assuming a constant survival rate
and capture probability per unit time (Model D, Pollock et al. 1990) fit the data as well as
the standard Jolly-Seber model for open populations (Model A; Jolly 1965) which is based
on interval-specific survival rates and capture probabilities. The more parsimonious model,
i.e., the one based on the fewest parameters yet still fitting the data, is generally assumed
to provide a more robust estimate of survival rates (Pollock et al. 1990). Thus, survival
rates presented here are based on Model D estimates. No difference was found between
2
male(</>= 0.6517, s.e. = 0.0646) and female(</>= 0.5061, s.e. = 0.0787) survival rates (X

= 2.0449, df= I, P = 0.1527), or between sex-specific capture probabilities (males, Pcapture
= 0.7362, s.e. = 0.0494; females, P capture= 0.7299, s.e. = 0.0686;

x2 = 0.0056, df = I, P =

0.9406). The survival rate for adults of known and unknown sex combined was</>=
0.5496 (s.e.

= 0.0438).

The proportion of Blue Jays marked as nestlings or fledglings that were seen
subsequent to their first December was 0.235 (n = 132 juveniles initially marked from

1989-1994). When considering only jays marked as fledglings, the proportion increased to
0.261 (n = 69). I did not calculate a variance for these proportions.
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Removal of jays that shifted macro habitats did not significantly affect survival rates
from any macrohabitats (all P > 0.68), so rates including only jays that did not shift were
considered in subsequent analyses. Robust macrohabitat-specific adult survival rates could
be calculated for only two of the seven macrohabitats (dry forest and open park; Table
23). No difference was detected in survival rates (X 2 = 1.0885, df = 1, P = 0.2968) or
capture probabilities (X2 = 0.3879, df = 1, P = 0.5334) between these two macrohabitats.
Although robust survival rates could not be calculated for all macrohabitats, unreliable
Model A estimates for shrubby flatwoods and shrubby park macrohabitats are presented in
Table 23, along with the robust Model D estimates for dry forest and open park
macrohabitats. No difference in survival rates was found among the four macrohabitats
based on an analysis including the unreliable estimates of shrubby flatwoods and shrubby
park macrohabitats (X 2 = 4.1629, df = 3, P = 0.2444).

Dispersal
Propensity to relocate and shift macrohabitats.--Adult and yearling jays of both

sexes exhibited low propensities to relocate. Juveniles, however, relocated significantly
more frequently than adults and yearlings (X 2 = 47. 73, df = 4, P < 0.0001; Fig. 12). No
significant differences in propensity to relocate were detected among age and sex classes
Guveniles excluded) after a Bonferroni correction for multiple contrasts was employed.
Although juveniles exhibited a greater tendency to relocate than did adults or yearlings of
either sex, the tendency to shift macrohabitats did not differ among age and sex classes
when only relocations resulting in macrohabitat shifts were considered (X 2 = 0.47, df = 4,
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P = 0.98). Half of the eight observed juvenile relocations involved a shift in macrohabitat,
whereas 5 of 6 relocations of adults and yearlings combined involved a shift in
macrohabitat. This difference in the tendency of juveniles and non-juveniles to shift
macrohabitats when relocating was not significant (Fisher's exact test, 2-tailed P = 0.30).
Juveniles were observed relocating from three macrohabitats. They did not exhibit
a tendency to desert some macrohabitats more or less than others (X2 = 0. 74, df = 2, P =
0.6904, n = 8 habitat desertions in 9.93 bird-years). Non-juveniles were observed
relocating from five macrohabitats. They deserted dry forest and shrubby flatwoods more
often, and open park and shrubby park less often, than expected by chance (X2 = 15 .79, df
= 4, P = 0.0033, n = 6 habitat desertions in 93 .25 bird-years). Neither juveniles nor nonjuveniles that were observed to relocate exhibited a tendency to relocate into
macrohabitats in disproportion to their availability (for juveniles,

x2 = 7.36, df = 6, P =

0.2887, n = 8 relocations in 221 feeder-periods~ for non-juveniles,

x2 = 4.32, df= 6, P =

0.6337, n = 6 relocations in 221 feeder-periods).

Relationships Among Macrohabitat-specific Demographic Parameters
Macro habitat-specific adult density was not correlated with any of the three
macrohabitat-level indices of reproductive output (Fig. 13). The power of the tests was
low because the correlations were assessed across only seven macrohabitats. However, in
all cases, the correlation coefficients were less than 0.3, indicating that any possible
relationship among the variables was not strong. Density was similarly unrelated to either
the expected number of fledglings per nest, a reproductive index derived from the product
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of the Mayfield probability of nest success and the mean number of fledglings produced
from successful nests (Fig. 14), or the number of fledglings produced per female per
season (Fig. 15).
Because reliable adult survival rates could not be calculated for all macrohabitats,
rigorous analyses of the relationship between adult survival and other demographic
parameters was not possible. However, the relationship of macrohabitat-specific density
and survival for the four macrohabitats for which an estimate of survival could be
calculated is presented in Fig. 16. The survival estimates for shrubby flatwoods and
shrubby park are not robust, and this figure should be viewed with caution.
The logistic regression equation designed to predict presence and absence of jays
on point count plots (see Table 16) was not good at predicting nest success based on the
same habitat component variables ( correct classification of the model applied to nest plot
data= 42 %). A logistic regression model using the same habitat component variables, but
allowed to calculate their coefficients based on the nest plot data was also poor at
predicting nest success (Table 24). However, plot-based probabilities of nest success
derived from both models were significantly higher for successful than unsuccessful nests
(Mann-Whitney U test; for the first model, Z = -2. 4, P = 0.01; for the second model, Z
3.3, P = 0.0008).

Productivity ofMacrohabitats
Based on a robust estimate of annual adult mortality that was equal in all
macrohabitats, internal recruitment of breeding females (i.e., that resulting from local

=-
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reproduction) exceeded adult female mortality in three of the seven macrohabitats when
the rate of juvenile survival was assumed to be 45% (Fig. 17a). When juvenile survival
was assumed to be 23. 5%, adult mortality exceeded recruitment in all seven
macrohabitats, although productivity approached replacement level in some (Fig. 17b).
Based on non-robust macrohabitat-specific estimates of adult mortality, recruitment
clearly exceeded mortality in one macrohabitat, and mortality clearly exceeded recruitment
in another at a juvenile survival rate of 45%; the remaining two macrohabitats for which
estimates of adult mortality could be assessed exhibited productivity near replacement
level (Fig. 17c). When juvenile survival rate was assumed to be 23. 5 %, productivity in all
macrohabitats fell below replacement level, although that in shrubby park was near
replacement level (Fig. 17d). Demographic variables related to productivity are
summarized in Table 25 .
Density was not correlated with macrohabitat-specific productivity when
productivity estimates were based on robust estimates of adult mortality (r. = 0.21, P =
0.65, n = 7~ Fig. 18). Sample sizes were insufficient for correlation analysis when nonrobust macrohabitat-specific estimates of adult mortality were used to calculate
productivity. However, those productivity estimates are plotted against density in Fig. 18.

Other Analyses
The ratio of yearlings to adults varied significantly among macro habitats (X 2 =
12.19, df= 4, P = 0.0160; ratios in 2 macrohabitats were not considered because sample
sizes were less than 3), with shrubby flatwoods and shrubby park having the highest
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proportion of yearlings, and dry forest having the lowest. No index of body size varied
among macrohabitats for either males or females (all P > 0.09).

DISCUSSION

Blue Jays are habitat generalists at Archbold Biological Station and occupy a wide
array of habitats provided some trees are present. They nest in relatively open pastures,
sparsely forested shrubland, human-modified areas, citrus groves, dense lush forest, and
dense dry forest. Demographic parameters of Blue Jays varied among habitats indicating
that the designations defined in this study do represent meaningful Blue Jay habitats
(Fretwell and Lucas 1970).

Variation in Macrohabi tat-specific Demography
Much of the variation in Blue Jay demography among macrohabitats apparently
results from variation in reproductive output, which in tum primarily results from variation
in nest success. Why does reproductive success vary among macrohabitats? Differential
levels of either food limitation or nest predation could lead to variation in reproductive
success among macrohabitats (Martin 1987, 1992). If food limitation led to reduced
reproductive output, it likely would have done so through decreased clutch size, and
hence decreased brood size, in food limited macrohabitats. Thus, it should be manifested
as a decrease in the number of fledglings per successful nest (i.e., effects of nest predation
removed, because arboreal predators typically remove all nest contents) in poorer
macro habitats (Martin 198 7, 1992). Significant variation in number of fledglings per
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successful nest across macrohabitats did not exist however. Alternatively, differences in
nest predation rate should lead to differences in the proportion of failed nests among
macrohabitats, but not to differences in number of fledglings per successful nest. This
latter pattern was observed in the present study. Although I did not assess factors directly
responsible for nest failure (because access to most nests was limited), nest predation is
the greatest source of nest mortality in temperate open-nesting passerines (Ricklefs 1969,
Martin 1992), and has been shown to be by far the most important cause of nest failure in
Blue Jays in studies for which causes of nest failure were identified (Best and Stauffer
1980, Tarvin and Smith 1995). Likewise, nest predation accounts for virtually all nest
mortality in the sympatric, closely related Florida Scrub-Jay (Aphelocoma coeru/escens)
on the same study site (Woolfenden and Fitzpatrick 1984, 1990, 1996, Schaub et al.
1992). Although abundance of all potential predators across macrohabitats was not
assessed in this study, relative abundance of gray squirrels, a known nest predator (e.g.,
Montague and Montague 1985), varied significantly among macrohabitats in the single
year for which it was assessed. Patterns of squirrel abundance alone cannot account for
patterns of nest failure however, because squirrels were not abundant in macro habitats
suffering the greatest nest mortality rates (e.g., shrubby flatwoods). Alternatively,
distributions of several other predator species (e.g., raccoon Procyon lotor, Swallowtailed Kite Elanoidesforficatus; Cooper's Hawk Accipiter cooperii, snakes) may have
influenced patterns of nest mortality.
Characteristics of nest sites or the microhabitat surrounding them (nest patches)
have been shown to be related to nest predation rates in many studies (see Martin 1992 for
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a review), including Blue Jays (Tarvin and Smith 1995). If high quality nest sites or nest
patches are limiting, nest predation may strongly affect recruitment within a population
(Martin 1992). However, nest sites probably are not limiting for Blue Jays in most
habitats, because the jays nest in a wide array of sites, ranging from about 2 m above
ground in shrubs or saplings to the uppermost branches of the tallest trees available (Tyler
1946, Taylor 1965, Woolfenden and Rohwer 1969, Tarvin and Smith 1995, this study).
Furthermore, the jays nest in all parts of nest trees, including crotches in the main trunk,
large horizontal limbs, and near the tips of terminal branches. In the present study, only a
few parcels of occupied habitat seemed to have a limited number of sites in which a Blue
Jay nest could be placed (i.e., pasture along the western border of Archbold), and in most
of these cases, several trees were available from which sites could have been chosen. Nest
failure was not related to features of the nest site (i.e., nest height, nest tree species,
degree of concealment, etc.), as none of the nest site characteristics I measured were
related to nest success. The observed pattern excludes the influence of weather as a major
factor leading to differential success among macrohabitats, because characteristics such as
structural susceptibility of nest substrate to wind or thermal characteristics of the nest site
should be related to at least some of the nest site variables I measured.
Some studies have shown that characteristics of the patches of micro habitat in
which birds place their nests may be more important predictors of nest success and failure
than nest site characteristics (Martin 1988, Martin and Roper 1988, Kelly 1993, Tarvin
and Smith 1995), especially in relation to nest predation. In the present study, only the
amount of P. elliottii in the patch seemed related to nest success. Although this variable

81
seemed important whether measured in patches of 0. 07, 0. 3, or 3 .1 ha, in no case was the
relationship strong. In fact, the best logistic regression models were unreliable at
classifying successful and failed nests at any of the three scales. A possible explanation for
the lack of a clear relationship is that the importance of specific habitat component
variables may have varied among macrohabitats, thus obfuscating the effects of one
another when nests from all macro habitats were analyzed together (T. E. Martin pers.
communication). However, macrohabitat was not selected as a factor by the stepwise
logistic regression procedure, suggesting that interactions between habitat component
variables and macrohabitat did not exist. My inability to detect a relationship between
microhabitat features and nest success probably was not an artifact of choosing an
inappropriate scale at which to measure features, since both nest site features and patch
features within 15, 30, and 100 m of nests were measured, and because Tarvin and Smith
(1995) found significant associations between microhabitat characteristics and nest success
using a patch size of 0.1 ha (radius= 17.8 m). Furthermore, density of Blue Jays varied as
a function of several habitat component variables, indicating that Blue Jays did respond to
habitat features at the scale used in this study. Even if predators respond to habitat
characteristics that were not measured directly in this study, for example, insolation,
relative humidity, or other physical properties, those characteristics should show some
relationship with the measured habitat component variables. If so, relationships between
their correlates and nest success, if important, should have been apparent. Thus, I
conclude that patch-level microhabitat features had little influence on Blue Jay nest
success in the present study.
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Other factors that were not directly related to habitat component variables may
have influenced nest predation rates among macrohabitats. For example, average
predation rates could be influenced by the age structure of breeding jays among
macrohabitats, if the ratio of young individuals relative to older adults varied and if young
birds performed poorly relative to older birds (Curio 1983; see also Dhondt et al. 1992,
Ferrer and Donazar 1996, Holmes et al. 1996). Consistent with this explanation is the fact
that when assessed across all macrohabitats, Blue Jay pairs comprising at least one
yearling were less successful than pairs in which both members were adults, although the
pattern did not hold when controlling for macrohabitat influences (perhaps because of
small sample sizes). However, patterns of age structure across macrohabitats in this study
were not congruent with this hypothesis, as nest success was relatively high in shrubby
park, a macrohabitat characterized by a high proportion of yearlings prior to the breeding
season, and relatively low in dry forest, a macrohabitat characterized by a low proportion
of yearlings prior to the breeding season. The explanation may remain tenable if the
proportion of yearlings that breed varies among habitats, i.e., if some yearlings remain in
good habitat yet forego breeding, rather than disperse and attempt to breed in poor
habitat. However, most yearlings probably breed during most years. Similarly, differences
among macrohabitats in adult quality resulting from factors other than age could account
for differences in reproductive success. Body size, often used as an index of resource
holding potential, did not vary among macrohabitats for either males or females, and thus
lends no support to this hypothesis.
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Density dependent effects may affect nest success through increased predation
rates in high density areas or through increased competition for food in those areas.
Density in this study was unrelated to any measures of reproductive output when assessed
across macrohabitats. Such an analysis cannot be used to refute a hypothesis of density
dependent reproductive output however, because of inherent variability among
macrohabitats; i.e., the interaction of density and resource availability (or predation rates)
in each macrohabitat is not obvious without controlled experiments in which density is
held constant while resource availability is manipulated, or vice versa. Furthermore,
Dhondt et al. ( 1992) observed a decrease in breeding productivity in Blue Tits (Parus

caeruleus) occupying a heterogeneous landscape at high densities. In this case, the pattern
existed because as density increased, more individuals were forced into poor sites where
productivity was relatively low. Because local density did not change in good habitats,
productivity there was unaffected by fluctuations in overall population density. In the
present study, the two lowest-density macrohabitats had the greatest proportion of
yearlings just prior to the breeding season(> 50% for each). If these habitats serve as
"refugia" for young birds during periods of high overall density, and if yearlings exhibit
consistently poor reproduction relative to older adults, a pattern similar to that observed
by Dhondt et al. (1992) may exist.
Factors influencing Blue Jay nest success across macrohabitats in this study were
complex, and apparently not related directly to measured components of those
macrohabitats. The possibility remains that the variation in nest success among
macrohabitats was spurious, and was truly unrelated to habitat features.
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Source - Sink Dynamics
Although Blue Jays were able to breed and survive in a range of macrohabitats,
average fitness, as indexed by production of offspring surviving to breeding age, varied
among them. In the absence of immigration and emigration, productivity in certain
macrohabitats (e.g., shrubby park, moist forest, perhaps open park and dry forest) is
probably sufficient to sustain or even increase the subpopulations inhabiting them, whereas
in others (e.g., citrus, open flatwoods, shrubby flatwoods) it is not. That subpopulations in
the latter macrohabitats persist suggests that they are sustained by immigration of jays
from the former macrohabitats. Thus, the Archbold Blue Jay population appears to exist
as a mosaic of source and sink subpopulations spanning the landscape (Pulliam 1988,
Davis and Howe 1992, Dias 1996). The possibility remains that the "sink" subpopulations
are actually "pseudosinks" (Watkinson and Sutherland 1995), in which sub-replacement
productivity arises from density dependent effects brought about by the influx of
immigrants from high quality habitats into relatively poor habitats. Although this
possibility cannot be ruled out without tests for density dependence in various habitats, it
does not affect the overall source - sink dynamics of the population as a whole unless
overall density is severely depressed (Thomas et al. 1996).
The conclusion that the Archbold Blue Jay population exists as source and sink
subpopulations is dependent on estimates of macro habitat-specific productivity.
Productivity of a population or subpopulation is contingent on an array of parameters
including adult and juvenile survival, probability of nest success, and fledgling production.
Estimates of some of those parameters were more robust than others in this study, and the
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low level of confidence in some parameter estimates merits discussion. Although adult
survival could not be estimated for all macrohabitats, robust estimates were derived for
two of them. A discrepancy of almost 0.2 existed between robust adult survival rates;
however, the difference was not significant. Even when I included non-robust measures of
survival from two other macrohabitats, thereby increasing the difference between the
highest and lowest estimate to about 0.33, variation among the rates was not significant.
Overall estimates of survival rates for both males and females from all macrohabitats
combined were robust, as was the estimate based all adult Blue Jays in the sample that was
used to calculate productivity. Annual survival of adult Blue Jays at Archbold is less than
that of adult Florida Scrub-Jay breeders inhabiting the same site (scrub-jays: ¢, = 0. 78,
Woolfenden and Fitzpatrick 1996). The sentinel system of the Florida Scrub-Jay
(McGowan and Woolfenden 1989, Hailman et al. 1994) no doubt increases relative
survival rates of Florida Scrub-Jays relative to that of Blue Jays. Although the
macrohabitat-specific survival rates estimated for Blue Jays in this study were not
statistically different, employing them in calculations of A alters conclusions about relative
productivity among macrohabitats. The primary differences are that dry forest appears
more productive, and shrubby flatwoods appears less productive. Indeed, estimates based
on macrohabitat-specific survival rates suggest productivity in dry forest may be near
stability, rather than below replacement level, when juvenile survival estimates are high. If
minimum estimates of juvenile survival are used in the calculations, productivity in shrubby
park and dry forest tends toward replacement, whereas that in shrubby flatwoods
decreases further.
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The estimates ofjuvenile survival used in this study strongly affect conclusions
regarding source - sink dynamics. When high estimates of juvenile survival (45%), derived
from a partially migrant population in Wisconsin (Hickey and Brittingham 1991 ), are used
to calculate .l, the Archbold population appears to be clearly divisible into source and sink
subpopulations. However, when minimum estimates of juvenile survival (23.5%) derived
from resight rates ofjuveniles marked at Archbold are used, all macrohabitats appear to
give rise to population sinks, and only shrubby park, and perhaps dry forest, appear to be
capable of sustaining (but not increasing) subpopulations without immigration. The
survival rate from Archbold is certainly a gross underestimate because it is based on
resightings of birds originally marked as either nestlings or fledglings.
Unfortunately, juvenile survival rates are difficult to measure, in part because of
the propensity of juveniles to disperse within the first eight months of life. Approximately
20% of the juveniles resighted when at least 8 months old did not disperse great distances
(i.e., less than 850 m); the remaining 80% dispersed to areas farther away, yet still within
the study site. Moreover, I have some evidence that individuals occasi~nally disperse long
distances relative to the size of the study area. One radio-tagged fledgling captured 12 July
1993 in dry forest at the north end of Archbold was tracked to a patch of dry forest about
3 .2 km NNE of the study site by 12 August 1993, where it remained until at least 20
September 1993 when its radio ceased transmission. Another individual banded as a
nestling in 1994 on Red Hill was found dead in a residential area about 3 km to the NE I
year later (K. A. Tarvin, unpubl. data). Thus, the proportion of juveniles that do not
disperse an appreciable distance is probably much less than 20% (Koenig et al. 1996).
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Consequently, estimates of juvenile survival may be substantially lower than true rates. On
the other hand, average survival of Florida Scrub-Jay fledglings to age 1 year is 33%
(Woolfenden and Fitzpatrick 1996), which is not substantially higher than the rate
estimated for Blue Jay fledglings at the same study site. Moreover, the estimate derived
for scrub-jays is not confounded by dispersing individuals because virtually all juvenile
dispersal is delayed at least one year in Florida Scrub-Jays (Woolfenden and Fitzpatrick
1984, 1990).
Consideration of the juvenile survival rates that would be necessary to bring
productivity to replacement levels in each macrohabitat is revealing. Assuming the mean
adult survival rate of 55% found in this study was constant across macrohabitats, juvenile
survival would have to be greater than 100% to achieve replacement-level productivity in
citrus and open flatwoods, and would have to be greater than 75% in dry forest and
shrubby flatwoods (Table 25). Juvenile survival rates this high are extremely unlikely to
occur. A juvenile survival rate near 40% would be necessary to achieve replacement in
moist forest and shrubby park; this rate is far more likely. Assuming the macrohabitatspecific adult survival rates observed in this study are accurate, juvenile survival would
need to be no greater than 32% to achieve replacement-level productivity in shrubby park
(Table 25).
Spatially structured demographic profiles indicate that Blue Jay subpopulations in
shrubby flatwoods, open flatwoods, and citrus macrohabitats persist only as a result of
immigration, probably from shrubby park and moist forest macrohabitats, presuming that
juvenile survival is sufficient to give rise to surplus individuals in the latter group of
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macro habitats. Most of the immigrant individuals in the sink macrohabitats probably are
juveniles, because breeding dispersal (sensu Greenwood 1980) rates are low(~ 10%).
Based on typical models of source - sink dynamics ( e.g., Pulliam 1988, Howe et al. 1991,
Morris 1991, Davis and Howe 1992), and presuming that adults are better competitors
than juveniles, juveniles should relocate into sink macro habitats in greater proportion than
their availability, and adult relocations should be predominately from sink to source
macrohabitats (Morris 1991 ). While juveniles did not appear to emigrate from particular
macrohabitats more often than expected by chance, adult dispersal led to desertion of sink,
more often than source, macrohabitats. However, I did not detect a propensity of either
age class to relocate into either macro habitat class. A high rate of intrinsic dispersal in
juveniles could account for their dispersal tendencies. Adults appear to relocate in
response to demographic conditions (or their correlates) from the macrohabitats in which
they originally reside, but may not be able to relocate to macro habitats of their choice,
perhaps as a result of intense competition or despotic behavior of residents in preferred
macro habitats.
Within the past several years, theoretical ecologists have realized that populations
occupying heterogeneous landscapes probably do not exist as demographically
homogeneous entities. Instead, demographic profiles vary across habitats (e.g., Van Home
1983, Holt 1985, Pulliam 1988, Temple and Cary 1988, Pulliam and Danielson 1991 ,
Howe et al. 1991, Davis and Howe 1992, Dias 1996). However, empirical evidence for
habitat-specific demography in birds has accrued only recently (reviewed in Dias 1996).
Much of the empirical work has concentrated on the effects of habitat fragmentation on
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demography of neotropical migrants that specialize on forest interior habitats, and has
been concerned with explaining regional population declines in those species (e.g., Gibbs
and Faaborg 1990, Porneluzi et al. 1993, Donovan et al. 1995, Holmes et al. 1996, Gale et
al. 1997). In many cases, habitats identified as sources and sinks are widely separated
geographically (e.g., large forests in central Missouri vs fragmented forests in Wisconsin;
Donovan et. al. 1995). Meller (1991) concluded that source - sink dynamics existed on a
local scale for several open nesting passerines using habitat patches of variable size, with
smaller patches acting as sinks because of lower fledgling production. However, he did not
measure survival rates of any age class, and thus provided no estimates of A. Similarly,
Dias and Blondel ( 1996) and Dias et al. (1996) found evidence for source - sink structure
in Blue Tits, but again could not confirm such structure because they were unable to
calculate A. Furthermore, they assumed that high-density habitats were population
sources, which may not be true (Van Horne 1983 , Pulliam 1988, Pulliam and Danielson
1991, this study). My study of Blue Jays is the first to examine detailed demography of a
non-migratory habitat generalist passerine on a local landscape scale, in which the focal
population occupies a range of drastically different habitats. Holmes et al. (1996) observed
source - sink dynamics in Black-throated Blue Warblers (Dendroica caeru/escens) at the
level of the local landscape although the two habitats examined in their study differed only
in the density of the shrub layer. Together, Holmes et al. (1996) and my study of Blue Jays
demonstrate that source - sink dynamics may exist even in stable populations of habitat
generalist species in which source and sink habitats are contiguous and tightly linked.
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Habitat Occupancy Distribution of Blue Jays at Archbold Biological Station
Analyses of source - sink dynamics indicate that for Blue Jays some habitats are
better places to live than others. Why do individuals occupy suboptimal habitats? A family
of habitat selection models has been created to address this and related issues. The models,
based on the "ideal free distribution" model of Fretwell and Lucas (1970), assume that
each individual in the population acts to maximize its fitness, and that an equilibrium
distribution of individuals across habitats arises such that no individual can improve its
fitness by moving to another habitat. These are optimality models, and the predicted
habitat occupancy distributions of most such models conform to an evolutionary stable
strategy (Maynard Smith 1982).
Fretwell and Lucas (1970) described a theory of habitat selection whereby
individuals living in heterogeneous landscapes settle in the habitat in which they achieve
the greatest payoff. Their ideal free distribution arises when habitat patches vary in quality,
and individuals are "free" to settle in any habitat patch. Individuals recognize and choose
to settle in high-quality habitats, because the expected fitness payoff is greater there than
in low-quality habitats. However, as density increases in the high-quality habitats, the
expected payoff diminishes as a result of competition. At some point, the payoff in highquality habitats diminishes to the level expected in the habitat of the next highest quality,
at which time an individual recruiting into the population may do as well in one habitat as
the other. The two habitats continue to be colonized until their expected payoffs diminish
to the level of the habitat of the third highest quality, at which time new recruits begin
colonizing it as well, and so on. Thus, incoming individuals choose the habitat that
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provides the greatest average fitness (hence, they are "ideal"), but that fitness is affected
by density as well as the baseline suitability of the habitat. A result of this mode of habitat
selection is that higher-quality habitats support greater densities of individuals than lowerquality habitats. However, because density-dependent effects tend to degrade basic habitat
suitability, average fitness is equal among all occupied habitats.
The ideal free distribution model of Fretwell and Lucas (I 970) is dependent on
several assumptions that are unlikely to be met in field situations, especially in studies that
concentrate on long-term payoffs. Since Fretwell and Lucas described their model, many
workers have tested various assumptions of the ideal free distribution using models and
controlled experiments (see Milinski and Parker 1991, Tregenza 1995 for reviews). In
most cases, the models do not consider fitness per se (sensu Endler 1986) to be the
payoff; instead, the payoff usually is a measure of intake rate of food, mates, or some
other discrete resource. Most of the empirical support for ideal free theory comes from
controlled experiments that also do not consider fitness as the payoff (reviewed in Milinski
and Parker 1991, Tregenza 1995). Here I examine patterns of habitat occupancy using
relative productivity ( equivalent to A) as an index of fitness. Thus, I do not attempt to
measure intake of resources such as food, but instead measure net output, which should be
a function of intake of all resources combined, mediated by predation, disease, and other
confounding factors .
Testing ideal free theory with field studies is difficult because ideal free
distributions may take many forms depending on conditions, and consequently,
quantitative predictions about the distribution of individuals across habitats vary
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depending on the type of model under investigation and its underlying assumptions
(Tregenza 1995). For example, the prediction of equal success and variable density across
habitats (as described by Fretwell and Lucas 1970) is deduced primarily from a subset of
simple models, namely those assuming continuous input of resources and individuals that
are equal in competitive ability (although some simple interference models also give rise to
equal success across patches; Sutherland and Parker 1985, 1992; Parker and Sutherland
1986). The quantitative predictions of models that incorporate more realistic assumptions
(i.e., resource input into habitats is not continuous~ competitors are not equal) may be less
clear cut, either because interference competition disrupts the payoff distribution
(Sutherland 1983), or because multiple phenotypes may give rise to several stable
equilibrium distributions (Sutherland and Parker 1985). For example, under conditions of
continuous resource input but unequal competitors, the proportional distribution of
individuals across habitats may not match the proportional distribution of resources, even
though individuals continue to behave in an ideal free manner. Instead, individuals would
be distributed according to their "competitive weight," or their relative ability to acquire
resources in the midst of interference competition. Habitats may contain a mix of
phenotypes (i.e., individuals that vary in competitive ability), but the sum of competitive
weights matches the input rates in each habitat, and the distribution is therefore ideal free
(Sutherland and Parker 1985, Parker and Sutherland 1986). Under these conditions,
several stable equilibrium distributions may exist for a given combination of competitors of
various phenotypes.
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Of the many ideal free models that have been constructed, only a few are relevant
to field studies of breeding populations and habitat selection for breeding. For these
studies, fitness, rather than intake rate, is used to index relative success in different
habitats. Many models can be excluded from consideration because the assumptions on
which they are based are grossly unrealistic for field situations. For example, continuous
input - equal competitor models have little applicability when success is indexed by longterm fitness, because continuous input of all resources is unlikely to occur in most systems
(Tregenza 1994, 1995). Other models can be excluded because the distributions they
address are dependent on short-term gains (i.e., the kleptoparasitism models of Parker and
Sutherland 1986 and Holmgren 1995). Models that are applicable to field studies
considering habitat-specific mean fitness include the equal-competitor interference ideal
free model of Sutherland (1983), the phenotype-limited interference ideal free model of
Parker and Sutherland (1986), and the ideal despotic distribution model of Fretwell and
Lucas (1970). A fourth model, the ideal preemptive distribution model of Pulliam and
Danielson (1991) also is designed to address habitat distributions based on measures of
actual fitness. However, application of the model requires a knowledge of both the
frequency distribution of breeding site quality within each habitat, and the average number
of sites sampled by dispersing individuals. Each of these parameters is difficult to measure
in the field. Moreover, the critical characteristics of habitat occupancy distribution
predicted from the ideal preemptive distribution are consistent with both the phenotypelimited interference ideal free and the ideal despotic models. Consequently, the ideal
preemptive model is not tested here.
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The equal-competitor interference ideal free model (Sutherland 1983) is similar to
the ideal free distribution model of Fretwell and Lucas (1970), but differs in that it is not a
continuous-input model. It assumes that individuals are free to enter any habitat, and that
they choose the habitat in which they maximize their fitness. Basic suitability of the habitat
is degraded as function of interference competition, and all individuals suffer from
interference identically. Sutherland (1983) showed that, depending on the level of
interference, a wide range of density distributions could occur. Indeed, the distribution of
densities across habitats can be predicted only if the interference coefficient, m, is known.
Because interference is extremely difficult to measure when fitness is considered to be the
payoff, the model is virtually impossible to test with fitness-based field studies (Tregenza
1994, 1995). However, regardless of the distribution of densities, the model predicts equal
success across all habitats. Therefore, it can be falsified in studies in which mean fitness is
considered the payoff.
The phenotype-limited interference ideal free distribution model (Parker and
Sutherland 1986) assumes that the resource base remains relatively constant, competitive
differences exist among phenotypes, payoffs to a given individual are reduced by the
addition of other competitors to the habitat, and the relative payoff to phenotypes changes
across patches such that a poor competitor will suffer particularly severe interference
when surrounded by strong competitors, but will experience average interference when
surrounded by equals (Sutherland and Parker 1985, Parker and Sutherland 1986). The
model predicts that better competitors should occupy habitats of higher quality, because
their competitive efficiency is not maximized in poorer patches; i.e., they are limited by
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resource availability, not by interference competition. Poorer competitors are limited by
both resource availability and by competition. Thus they should occupy lower quality
habitats because moving to better habitats would incur greater interference and therefore
lower gains. Density therefore should be lower in poor habitats, and fitness should be
correlated with both phenotype and habitat quality.
The ideal despotic distribution model (Fretwell and Lucas 1970) is a special case
of the ideal free distribution model with equal competitors and interference competition
{Tregenza 1995). An ideal despotic distribution arises when individuals are able to
successfully defend patches of habitat. High-quality habitat becomes occupied by a limited
number of individuals that thereafter restrict further colonization of the habitat (i.e.,
"squeezing in" does not occur, and incoming individuals are not "free" to settle anywhere
they wish). Because each despotic individual is able to control an amount of habitat that is
sufficient to achieve maximum payoff, density soon stabilizes and realized habitat quality is
not further degraded. Incoming individuals are forced to settle in habitats of lower quality,
where they defend territories from new would-be colonists. This model predicts that
success varies across habitats, because the extent to which density dependent effects
degrade habitat quality are limited by despotism . Thus, high-quality habitats will exhibit
higher average fitness than low-quality habitats.
Although the distribution of success across habitats predicted by the ideal despotic
distribution model is straightforward, interpretations of predictions about density are
ambiguous. Fretwell (1972) demonstrates mathematically that density and success should
covary across habitats. However, this demonstration assumes that territory size and the
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abundance of resources in habitats are inversely related. Although this is likely to be true
to some extent, the relationship cannot be linear across the distribution of resource
abundance because it would indicate that an individual could survive in any habitat, as
long as its territory was large enough. Rosenzwieg (1985) suggested that density in highquality habitats may be lower than that in low-quality habitats, because dominant
individuals may control a disproportionately large share of resources. Thus, predictions
about variation in density may not help to distinguish the ideal despotic from other models.
Moreover, the prediction that success should vary across habitats is not unique to the
despotic model, and unfortunately, the model generates no unique predictions (Tregenza
1995). However, the ideal despotic distribution model can be falsified if success does not
vary across habitats, and is therefore worthy of consideration here.
Although the observed distribution of average success across habitats may lead to
the exclusion of, or be congruent with, both the phenotype-limited interference ideal free
and the ideal despotic models, it cannot be used to distinguish them (Tregenza 1995).
However, a prediction unique to the phenotype-limited interference model is that poorer
competitors should occupy the poorer habitats. In the ideal despotic distribution,
competitors are assumed to be equal; thus, no such distribution of competitive abilities is
expected. This difference in the predictions of the models provides a weak inference test
(Platt 1964), whereby one outcome of the test leads to exclusion of one model and
support for the other, but the alternative outcome does not lead to exclusion of either
model.
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In the present study, shrubby park and moist forest were clearly the best
macrohabitats, and shrubby flatwoods and citrus were clearly the worst macrohabitats
based on average productivity. Open park and dry forest were intermediate (because of
scant data, the quality of open flatwoods is difficult to assess). This pattern of unequal
productivity across macrohabitats is sufficient to exclude the equal-competitor interference
ideal free distribution model of Sutherland (I 983). Because yearling Blue Jays appear to
exhibit lower reproductive success than adults, the ratio of yearlings to adults across
macrohabitats provides a test of the phenotype-limited interference ideal free model. The
proportion of yearlings just prior to the breeding season was greatest in shrubby park and
shrubby flatwoods ( a high- and low-quality macro habitat, respectively), and lowest in dry
forest and moist forest (intermediate- and high-quality, respectively) macrohabitats.
Because the phenotype-limited interference model predicts that low-quality individuals
should be concentrated in poor-quality habitats, it is not supported in this study. Although
the ideal despotic distribution model does not generate unique predictions, it would have
been falsified if fitness had been found to be equal across habitats, a pattern that did not
exist in this study. The prediction that density and success should covary was not
supported. If such covariance is truly a prediction of the despotic model, then the model is
falsified in the present study. Alternatively, if covariance between density and success is
not crucial to the model, as Rosenzweig (I 985) suggests, then of the relevant habitat
occupancy distribution models remaining, only the ideal despotic distribution ( and perhaps
the ideal preemptive distribution) is congruent with the Blue Jay data. The relationship of

98
patterns observed in this study to pertinent habitat occupancy distribution models is
summarized in Table 26.
Many researchers, upon observation of differential fitness among habitats, have
concluded that individuals are distributed according to an ideal despotic distribution (e.g.,
Lundberg et al. 1981, Morris 1989, Andren 1990, Messier et al. 1990, Meller 1991,
Holmes et al. 1996). Although observed patterns of habitat occupancy in those studies are
consistent with an ideal despotic distribution (i.e., some measure of success varies across
habitats), in most, survival was not considered, and thus fitness per se was not measured.
Furthermore, in none were the appropriate alternative ideal free models explicitly tested.
Andren (1990) concluded that European Jays (Garru/us glandarius) were distributed
across habitats in an ideal despotic fashion, but his conclusions rested on differences in
nest success and territory size between preferred and unpreferred habitat rather than more
comprehensive estimates of fitness. Similarly, Messier et al. (1990) found that the
proportion of muskrats (Ondontra zibethicus) occupying each of four habitat types varied
with population density such that during substantial increases in overall density, local
density increased in low-quality, but not high-quality habitats. Although this pattern
deviates from that predicted by equal-competitor interference ideal free models (yet is
congruent with an ideal despotic distribution), they did not assess quality of individuals
occupying the various habitats. Therefore, the hypothesis that the habitat occupancy of
either European Jays or muskrats matched a phenotype-limited interference ideal free
distribution cannot be excluded in these studies. Lundberg et al. ( 1981) found larger
males, earlier clutch initiation dates, and greater reproductive success in Pied Flycatchers
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(Ficedula hypo/euca) occupying deciduous as opposed to coniferous habitats, and
interpreted these patterns as the outcome of competitive interactions. They inferred that
the ideal free distribution was refuted by the observed unequal reproductive success
between the two habitats. However, the patterns observed by Lundberg and coworkers.
are better explained by a phenotype-limited interference ideal free distribution model;
unfortunately, their paper was published several years before distinctions between
continuous input and interference models of habitat occupancy had come to light. More
recently, Holmes et al. (1996) found a greater proportion of yearling Black-throated Blue
Warblers in poorer habitats, and also found that yearlings had lower reproductive success
even when effects of habitat quality were removed . Thus, the habitat occupancy
distribution they observed might be ideal free, rather than ideal despotic as they
concluded. Unfortunately, they too did not consider the distinctions among various ideal
free and despotic models. In contrast, Morris (1989) concluded habitat selection ofwhite-

footed mice (Peromyscus leucopus) was density dependent, and that the resultant habitat
occupancy distribution followed an ideal despotic distribution because recruitment was
unequal among three habitats. He further demonstrated that neither adult survival, the
proportion of adults in breeding condition, nor litter size differed among the habitats,
indicating that high quality individuals were not concentrated in the high quality habitats.
Thus, the study by Morris (I 989) seems to be one in which the ideal despotic distribution
model best explains the observed habitat occupancy distribution. In the present study,
body size of adult Blue Jays did not differ among habitats, further supporting an ideal
despotic distribution.
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M0ller ( 1991) reported that fledgling productivity increased with patch size for
four open-nesting passerines, and that the ratio of yearlings to adults decreased with patch
size in the three species for which age distributions were measured. Neither pattern held
for two species nesting in protected sites (i.e., on buildings). Meller concluded that the
open-nesting birds were distributed in an ideal despotic fashion, because adults should be
competitively superior to yearlings, whereas the protected-site species fit an ideal free
distribution for unequal competitors, because probability of success was independent of
patch size. However, in that study, Meller found no effect of parental age on fledgling
productivity in any species, even when controlling for patch size. Thus, he provided no
evidence for a difference in individual quality between age categories. Furthermore, had he
provided the evidence on which he based his conclusions, the conclusion that the opennesting species were distributed according to a phenotype-limited interference ideal free
distribution, and not an ideal despotic distribution, would have been correct. Meller
{1995) makes similar mistakes in concluding European Blackbirds (Turdus merula) were
despotically distributed based on the distribution of fluctuating asymmetries in nestlings
and fledglings across habitat patches differing in size.
Only a few field studies have found reproductive success to be equal in two or
more habitats, and consequently concluded that the study population was distributed
among habitats in an ideal free manner (e.g., Lemel 1989, Meller 1991). However, in none
of these studies was an attempt made to estimate A based on both reproductive output and
survival. If adult or juvenile survival varied significantly among habitats in these studies,
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then overall fitness also would vary, even though nest success or fledgling production
remained constant. In such a case, the habitat distribution may not be ideal free.
Why the phenotype-limited interference ideal free distribution model (Parker and
Sutherland 1986) has been overlooked by field studies is unclear (Tregenza 1994, 1995).
In any case, the present study of Blue Jay habitat occupancy distribution appears to be the
first to distinguish between the phenotype-limited interference and the ideal despotic
models using fitness data from bird populations, and thus may be the first to correctly
identify an ideal despotic distribution in a free-ranging bird.

Implications of Habitat-specific Demography for Social Organization in Blue Jays
The basic social unit of Blue Jays consist of a breeding pair, unassisted by helpers

or other auxiliaries (Hardy 1961, Cohen 1977, Cox 1984, K. A. Tarvin and G. E.
Woolfenden unpubl. data). Although such a social system characterizes the majority of
passerine species, it is atypical among the New World jays, a monophyletic group of six
genera and about 36 species restricted to the Americas (Sibley and Monroe 1990,
Espinosa de los Monteros and Cracraft 1997). Of the six New World Jay genera,
cooperative breeding is unknown in Cyanolyca, the most primitive genus in the group, and

Cyanocitta, one of the more derived genera (Espinosa de los Monteros and Cracraft
1997). However, detailed studies are lacking for five of the seven species in Cyanolyca,
although each is known to forage in conspecific flocks (Madge and Burn 1994). Some
form of cooperative breeding seems to be the norm in the remaining genera, although it
has been lost in some species of Aphelocoma (Peterson and Burt 1992). Thus, the

102
relatively simple social organization of Blue Jays is of particular interest when considered
in the context of the New World jays as a group.
Although much attention has been given to the influence of habitat and
demography on social organization in New World jays, the present study is the first to
address habitat-specific demography of Blue Jays. Demographic patterns of Blue Jays
observed in this study probably can account for the lack of cooperative breeding in the
species, as is predicted by the habitat saturation model of cooperative breeding
(Woolfenden and Fitzpatrick 1984, Fitzpatrick and Woolfenden 1986, Koenig et al. 1992).
Because Blue Jays seem capable of breeding successfully in virtually any habitat on the
study site, breeding sites probably are rarely limiting. Perhaps it is for this reason that
juvenile dispersal apparently occurs prior to the first breeding season after hatching, and a
large proportion of yearlings appear to breed in most years. Some habitats are less
desirable than others, but expected lifetime productivity in those habitats still may exceed
that which would be expected if breeding were delayed for one or more years, especially
given that adults in poor habitats may disperse from them. In years of high population
density, some jays may exist as nonbreeding floaters, and the proportion of the population
occupying extremely poor habitats such as citrus may increase. For example, in 1994 after
a year of high reproductive success, many yearlings apparently did not breed. However,
the breeding season of 1993 seems to have been atypical, since in no other year were as
many individuals of a single cohort banded, nor was any other cohort represented
numerically in subsequent years as was the 1993 cohort. Such high density years may be

103

rare enough that selection to remain in the natal area and help parents is extremely weak,
even in years in which juveniles may benefit by staying home.
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TABLE 1. Characteristics of vegetation associations same led in this studr

Vegetation
association•
Bayhead

Descrietion
Mesic forest dominated by large slash pines

Nests
eer elot

Range of
detectability
{mt

2-5

40

0-3

100

0-2

100

0-1

200c

2-3

50

1-2

100

(Pinus el/iottii) forming a distinct canopy
over tall, dense midstory and shrub layers of
various bay and other species.
Sandpine

Xeric forest dominated by large sand pines (P.

c/ausa) forming a distinct canopy over a tall,
dense shrub layer.
Ridge

Xeric forest dominated by slash pines and

Sandhill

sand pines of variable age. Shrub layer
variable in height, with occasional small, open
patches of wire grass (Aristida stricta),
lichens (Cladonia spp.) and bare sand.

Flatwoods

Mosaic of communities with a patchy
overstory dominated by slash pine. Shrub
layer patchy. Where shrubs not present,
ground cover comprised of grasses, St. John's
Wort (Hypericum spp. ), or bare sand.

Park

Human modified landscape consisting of a
patchy canopy of large slash pines, low
grasses, and occasional patches of dense
shrubs.

Pasture

Human modified landscape consisting of
improved pasture grasses with intermittent
slash pines.

Continued on next page
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TABLE

1. (Continued).

Scrubby

Low open shrub layer consisting primarily of

Flatwoods

oaks and palmettos. Few pines scattered

0

throughout. Small seasonal ponds scattered
infrequently.
Burned

Recently burned ridge sandhill. Few live pines

Areas

remaining; shrub layer consisting of

0

resprouted vegetation, generally between 0
and 1.5 m high with infrequent patches
between 2 and 4 m tall.
Association designations modified from Abrahamson et al. 1984.
Calculated following Reynolds et al. 1980.
c Vegetation association extended only about 100 m from these plot centers.

a

b

300

TABLE 2. Sampling intensity used to measure estimated and actual density of blue jays in different vegetation
associations, March through May, 1995 .
Nest searches

Point counts

Plots per
association

Available
plots per
associationb

Point counts
eer elot

Total
registrationsc

Observers
eer search

Total personhours

Bayhead

2

2

7-8

37

3-5

60

Sandpine

4

7

6-8

79

3-5

112

Ridge Sandhill

4

8

5-8

80

3-5

105

Flatwoods

4

23

4-7

31

1-3

55

Park

4

7

5-8

82

2-4

86

Pasture

4

18

3-6

22

1

21

Scrubby Flatwoods

4

55

3-5

IO

1-2

18

Burned Areas

4

9

4-5

45

1-2

26

Association*

• Association designations modified from Abrahamson et al. 1984. See Table 1 for descriptions.
b Represents number of 3 .1 ha circular plots (radius = 100 m) that could fit entirely within a given association.
Because plots did not overlap, the total area of each association on the study site is greater than the sum of all
potential plots that could be established within them.
c Includes all detections, regardless of distance.
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TABLE 3. Effect of time of day on detection of blue jays during point counts, 19931995, based on logistic regression analysis.
model

Time as variable in the model

year

n

n(OY'

x2

df

p

B

s.e.

Wald

df

p

r

1993

442

426

1.49

1

0.22

-0.005

0.004

1.44

1

0.23

0.00

1994

383

359

0.11

1

0.74

-0.001

0.003

0.11

1

0.74

0.00

1995

165

138

0.50

1

0.48

-0.001

0.001

0.49

1

0.49

0.00

1996

136

97

0.75

1

0.39

-0.002

0.003

0.74

1

0.40

0.00

a

Number of counts during which no jays were detected.

TABLE 4. Effect of wind speed on blue jay detections during point counts from 3
years of the study, based on a Kruskal-Wallis I-way ANOVA.
year

x2

df

p

n

1993

8.06

5a

0.153

440

1994

5.12

6

0.528

383

1996

5.61

4a

0.231

133

For 1993 and 1996, high windspeeds were encountered on only 2 and 3 counts,
respectively. Those counts were excluded from the Kruskal-Wallis analyses
presented here because of small sample sizes in the high windspeed categories.
When they are included, the X, 2 and P values are 8.17 and 0.226, respectively for
1993, and 5.62 and 0.344, respectively for 1996.

a
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5. Effect of extraneous noise on detection of jays during point counts, based
on a Mann-Whitne~ U test.

TABLE

mean rank

n
Year

no noise

noise

no noise

noise

u

z

p

1993

387

55

220.9

225.5

10425.5

-0.7566

0.4493

1994

256

125

190.1

192.8

15778.5

-0.5212

0.6022

1996

67

69

66.6

70.3

2185.5

-0.6920

0.4890

6. Effect of percent cloud cover on blue jay detections based on logistic
regression anal:Yses.
TABLE

% cloud cover as variable in the model

model
Year

n

n(0t

x2

df

p

B

s.e.

Wald

df

p

r

1994

383

357

1.34

1

0.25

0.007

0.006

1.35

1

0.25

0.00

1996

136

97

3.51

1

0.06

-0.012

0.007

3.09

I

0.08

-0.08

a

Number of counts during which no jays were detected.
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TABLE 7. Comparison of trends in density estimates with actual density of blue jays
across thirty 3 .1 ha plots.
Slope (b)

= ll

r. (Pt

Z(Pt

be

30-m fixed-radius

0.53 (0.003)

0.53 (0.599)

0.86

0.334

0.33

100-m fixed-radius

0.59 (0.001)

-2.66 (0.008)

0.26

<0.001

0.42

Variable circular-plot

0.64 (<0.001)

-0.83 (0.409)

0.66

0.001

0.42

Technique

P (b

• Spearman's rank correlation (2-tailed test).
b Wilcoxon's matched-pairs signed-ranks test (2-tailed test).
c Derived via least squares estimation using actual density as the independent
variable. In all cases slopes were different from 0 (2-tailed P ~ 0.003).
d Nonparametric test of slope (2-tailed test) from Conover (1980: 266).

re
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TABLE 8. Categories of understory vegetation used in this study, and their relationships

to the designations of Abrahamson et al. (1984).
Understory
categories
used in this
study

Description

Abrahamson et al.
(1984) designations

Bayhead

Midstory consisting of broad-leafed evergreens
including loblolly bay (Gordonia lasianthus), red
bay (Persea borbonia), sweet bay (Magnolia
virginiana). Understory with wax myrtle
(Myrica cerifera), dahoon holly (I/ex cassine),
gallberry (I. glabra) and Lyonia spp.

Bayhead

Citrus

Citrus grove. Understory typically open,
cultivated sand.

Citrus (not included
in Abrahamson et al.
(1984).

Flatwoods

Shrub layer variable but may be dominated by
saw palmetto (Serenoa repens), gallberry, fems
(Woodwardia virginica, Osmunda cinnamonea),
Lyonia spp., wax myrtle, tar flower (Be/aria
racemosa), runner oak (Quercus minima).

All phases of
Flatwoods, except
Flatwoods-cutthroat
grass

Humanmodified

Areas other than citrus groves that are
maintained by human manipulation including
lawns, old fields, improved pasture, roads, and
railroads.

All phases of Manmodified.

Oak

Understory shrubs dominated by oaks of various
species, sometimes with scrub hickory (Carya
.floridana). Common oaks are Quercus inopina,
Q. myrtifolia, Q. geminata, Q. /aevis. Some
phases dominated by Florida rosemary
(Ceratiola ericoides) with oak interspersed.

All phases of
Southern Ridge
Sandhill, Sand Pine
Scrub, and Scrubby
Flatwoods

Seasonal
pond

Species composition variable. Understory usually
consists of grasses and forbs or small sparse
shrubs. Common species may include beard
grasses (Andropogon spp.), cutthroat grass
(Panicum abscissum), Hypericum spp.,
maidencane (Panicum hemitomon), redroot
(Lachnanthes caro/iniana), tall cordgrass
(Spartina bakeri).

Swale, Flatwoodscutthroat grass, and
all phases of Seasonal
Pond.
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TABLE 9. Habitat component variables used in this study. See text
for explanation of measurement derivations.

Feature class

Measurement

Understory features

% of plot covered by bayhead
% of plot covered by citrus
% of plot covered by flatwoods

% of plot covered by human-modified
% of plot covered by oak

% of plot covered by seasonal pond
Simpson index of understory diversity
Forest canopy features

% of plot covered by slash pine canopy
% of plot covered by sand pine canopy
% of plot covered by forest of any type

Disturbance features

time since disturbance (fire, grazing,
mowing)
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TABLE 10. Results of six stepwise logistic regression analyses to test for
distinctiveness of macro habitat types surrounding nests and point count plot centers.
Variables in the selection pool are listed in Table 9. The analyses differ only in the
ordering of the levels of the response variable (macrohabitat). In model I,
macrohabitat is ordered arbitrarily. In model II, macrohabitat is ordered such that
pairs of macrohabitats that were adjacent in model I are not adjacent. In models III VI, the order of macro habitats was determined at random, but constrained to differ
from one another. (a) Variable parameters for each model. Intercepts are excluded in
this table, but may be obtained from the author. Degrees of freedom = I for all
variables in each model. P <0.0002 for all variables except those marked as follows:
*** = P < 0.002; ** = P < 0.02. Only those variables for which P ~ 0.05 are shown.
(b) Overall model parameters.
a. Habitat component variables in the models
Variable

beta

s.e.

Wald X2

standardized
estimate

odds ratio

Model I:
5.580

1.378

16.386

0.615

265 .117

% Modified

-12.396

1.233

101.075

-2.288

0.000

%Pond

-10.644

1.345

62.660

-0.810

0.000

Simpson index

2.733

0.360

57.641

1.096

15 .380

% P. elliottii

8.296

1.838

20.367

1.058

999.000

-17.814

1.873

90.505

-2.770

0.000

-5.376

1.791

9.015

-0.883

0.005

0.393

0.146

7.232

0.255

1.481

% Bayhead

20.459

2.944

48.295

0.733

999.000

% Flatwoods

-8.395

1.086

59.718

-0.925

0.000

% Modified

-3.384

0.586

33.374

-0.624

0.034

Simpson index

-2.007

0.253

63.124

-0.805

0.134

% Flatwoods

%P. clausa
% Total forest
Time since
disturbance

Model II:

Continued on next page
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TABLE 10. (Continued).

%P. c/ausa

-9.270

0.995

86.851

-1.441

0.000

7.464

0.850

77.111

1.226

999.000

-5 .753

0.656

76.953

-1.097

0.003

10.530

2.670

15.550

0.377

999.000

4.061

0.658

38.136

0.436

58 .042

% Flatwoods

-12.313

1.270

93.989

-1.357

0.000

% Modified

-15 .591

1.265

151.896

-2.878

0.000

0.837

0.255

10.746

0.336

2.308

-5.956

0.942

39.951

-0.926

0.003

8.513

0.963

78 .151

1.398

999.000

-11.727

1.118

110.034

-1.260

0.000

% Flatwoods

-5.620

1.226

21.012

-0.619

0.004

% Modified

12.571

1.447

75.450

2.320

999.000

Simpson index

-3 .677

0.417

77.697

-1.475

0.025

8.149

1.620

25 .321

1.039

999 .000

-16.282

1.701

91.642

-2.532

0.000

-4 .178

1.635

6.532

-0.686

0.015

-6.04 8

2. 181

7.689

-0.217

0.002

% Total forest
% shrubs

Model III:
% Bayhead
% Citrus

Simpson index**

%P. c/ausa
% Total forest

Model IV:
% Citrus

% P. el/iottii
% P. c/ausa
% Total forest*

Model V:

% Bayhead*

Continued on next page
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TABLE 10. (Continued).
% Citrus

7.439

0.868

73 .505

0.800

999.000

% Flatwoods

3.874

0.817

22.463

0.427

48.115

¾Oak

-4.753

0.582

66.688

-0.892

0.009

%Pond

15.176

1.581

92.093

1.155

999.000

0.789

0.245

10.387

0.316

2.201

% P. el/iottii

-4.711

1.017

21.483

-0.601

0.009

%P. c/ausa

13.144

1.438

83 .577

2.044

999.000

2.747

1.165

5.563

0.451

15 .600

% Citrus*

-1.475

0.630

5.479

-0. 158

0.229

¾Oak

-9.860

0.790

155.795

-1.851

0.000

¾Pond

-7.779

1.057

54.137

-0.592

0.000

Simpson index**

0.579

0.209

7.634

0.232

1.784

% P. el/iottii* **

-4.366

1.242

12.366

-0.556

0.013

%P. c/ausa

12.552

1.374

83.449

1.952

999.000

7.371

1.363

29.264

1.211

999.000

Simpson index**

% Total forest*

Model VI:

% Total forest

Continued on next page
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TABLE 10. (Continued).
b. Overall model parameters
Model

Parameter

I

II

III

IV

V

VI

0.91

0.76

0.83

0.92

0.79

0.80

1146.7

1146.7

1146.7

1146.7

1146.7

1146.7

417.5

694.7

588.2

390.4

655.4

640.5

1158.7

1158. 7

1158.7

1158.5

1158. 7

1158.7

445.5

720.7

614.2

416.4

685.4

666.5

1181.7

1181.7

1181.7

1181.7

1181.7

1181.7

Intercept and
covariates

499.1

770.5

664.0

466.3

742.9

716.3

% Concordant pairs

59.1

59.1

59.7

72.3

49.0

76.9

% Discordant pairs

0.8

5.8

2.8

1.3

1.5

4.9

% Tied pairs

40.0

35 .2

37.5

26.4

49.5

18.2

Kendall's Tau-a
(n = 45632)

0.459

0.420

0.448

0.558

0.374

0.567

Nagelkerke's R 2
- 2 Log Likelihood
Intercept only
Intercept and
covariates

Akaike Information
Criterion
Intercept only
Intercept and
covariates
Schwartz Criterion
Intercept only
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TABLE 11. Results of a stepwise logistic regression model testing distinctiveness
of habitat types surrounding nests and point count plot centers. The model was
allowed to select only from the pool of habitat component variables that were
common to all six of the original models (see Table 10). The variable pool
included percent P. c/ausa canopy cover, percent total forest canopy cover, and
the Simpson index ofunderstory diversity. Percent total forest canopy cover did
not contribute signignificantly to the model. (a) Variable parameters. Parameters
of intercepts are excluded in this table, but are available from the author. Degrees
of freedom= 1 and P < 0.0002 for each variable. (b) Model parameters.
(a) Habitat component variables in the model :
2

Wald X

standardized
estimate

odds ratio

Variable

beta

s.e.

Simpson index

1.826

0.188

94.497

0.733

6.210

-5.605

0.728

59.272

-0.871

0.004

%P. c/ausa

(b) Overall model parameters
Parameter
Nagelkerke's R 2
- 2 Log Likelihood
Intercept only
Intercept and covariates

estimate
0.59
1146.7
843.5

Akaike Information Criterion
Intercept only

1158.7

Intercept and covariates

859.5

Schwartz Criterion
Intercept only
Intercept and covariates

1181.7
890.1

% Concordant pairs

79.1

% Discordant pairs

18.1

% Tied pairs

2.7

Kendall's Tau-a (n = 45632)

0.480
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TABLE 12. Results of six stepwise logistic regression analyses to test for
distinctiveness of macro habitat surrounding feeders. Variables in the selection pool
are listed in Table 9. The analyses differ only in the ordering of the levels of the
response variable (macrohabitat). In model I, levels of macrohabitat are ordered
arbitrarily. In model II, macrohabitat is ordered such that pairs of macrohabitats that
were adjacent in model I are not adjacent. In models III - VI, the order of
macrohabitats was determined at random, but constrained to differ from one another.
(a) Variable parameters for each model. Intercepts are excluded in this table, but may
be obtained from the author. Degrees of freedom= 1 for all variables in each model.
P <0.0002 for all variables except those marked as follows : *** = P < 0.002; ** = P
< 0.02; * = P < 0.05 . Only those variables for which P ~ 0.05 are shown. (b) Overall
model parameters.
a. Habitat component variables in the models
Variable

beta

s.e.

Wald X2

standardized
estimate

odds ratio

Model I:
Time since
disturbance

-2.969

0.339

76.565

-2.003

0.051

% P. clausa* * *

-4.993

1.411

12.523

-0.778

0.007

% Total forest

-6.279

1.487

17.838

-0.920

0.002

% Bayhead

-58.117

7.438

61.054

-1.146

0.000

% Modified

5.538

1.318

17.649

0.625

254.217

12.480

1.497

69.465

1.795

999.000

-3 .625

0.464

60.962

-2.445

0.027

% P. clausa*

3.460

1.674

4.273

0.539

31.829

% Total forest**

4.054

1.554

6.809

0.594

57.650

-203 .000

32.407

39.245

-4.002

0.000

-16.429

3.420

23 .082

-1.082

0.000

%Oak
Model II:
Time since
disturbance

% Bayhead
% Flatwoods

Continued on next page
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TABLE 12. (Continued).

-11.205

1.853

36.581

-1.265

0.000

-2.049

0.550

13 .884

-0.867

0.129

Time since
disturbance

-1. 721

0.187

84.366

-1.161

0.179

%P. clausa

-S.314

0.889

35.728

-0.828

0.00S

%Oak

-4.966

1.120

19.666

-0.714

0.007

%Pond

-10.537

1.855

32.265

-0.602

0.000

-0.987

0.363

7.407

-0.417

0.373

0.642

0.172

13.870

0.433

1.899

%P. clausa

-12.809

2.468

26.930

-1.995

0.000

% Total forest

-12.913

1.894

46.463

-1 .892

0.000

% Bayhead

-47.242

6.219

57.697

-0.931

0.000

7.115

2.046

12.091

0.468

999.000

Time since
disturbance

1.411

0.177

63.296

0.952

4.100

%P. clausa

5.253

0.848

38.422

0.818

191.195

-2.689

0.940

8.187

-0.260

0.068

-11.226

4.438

6.399

-0.221

0.000

8.786

1.600

30.157

0.548

999.000

-3.754

0.976

14.804

-0.424

0.023

% Modified
Simpson index***

Model III:

Simpson index**
Model IV:

Time since
disturbance * **

% Flatwoods***
Model V:

% P. el/iottii* *
% Bayhead*
% Citrus
% Modified

Continued on next page

119
TABLE 12. (Continued).

Model VI:
Time since
disturbance*••

0.474

0.135

12.387

0.320

1.606

%P. c/ausa

6.460

0.788

67.240

1.006

639.314

% Flatwoods

9.585

1.553

38.104

0.631

999.000

11.714

1.152

103.328

1.322

999.000

% Modified

b. Overall model parameters
Model
I

II

III

IV

V

VI

Nagelkerke's R 2

0.85

0.88

0.76

0.87

0.78

0.50

- 2 Log Likelihood
Intercept only

665 .1

665.1

665 .1

665.1

665.1

665.1

295.8

266.3

380.7

280.9

367.4

522.0

677.1

677.1

677.1

677.1

677.1

677.1

319.8

292.3

402.7

302.9

391.4

542.0

697.4

697.4

697.4

697.4

697.4

697.4

Intercept and
covariates

360.6

336.5

440.0

340.2

432.1

575.9

% Concordant pairs

70.1

72.8

80.6

90.7

48.3

82.8

% Discordant pairs

1.8

2.4

7.4

3.4

0.0

16.1

% Tied pairs

28 .1

24.8

12.0

5.9

51.7

1.1

Kendall's Tau-a
(n = 17444)

0.495

0.509

0.530

0.632

0.350

0.483

Parameter

Intercept and
covariates

Akaike Information
Criterion
Intercept only
Intercept and
covariates
Schwartz Criterion
Intercept only
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TABLE 13. Results of a stepwise logistic regression model testing distinctiveness
of macrohabitats surrounding feeders, but allowed to select only from the pool of
habitat component variables that were common to all six of the original models
(see Table 12). The variable pool included time since disturbance and percent P.
c/ausa canopy cover. (a) Variable parameters. Parameters of intercepts are
excluded in this table, but are available from the author. Degrees of freedom= 1
and P ~ 0. 0002 for each variable. (b) Model parameters.
(a) Habitat component variables in the model:
Variable

beta

s.e.

Waldx2

standardized
estimate

odds ratio

Time since
disturbance

-1.677

0.197

72.346

-1.131

0.187

%P. clausa

-1.883

0.509

13 .690

-0.293

0.152

(b) Overall model parameters
Parameter

estimate

Nagelkerke's R 2

0.56

- 2 Log Likelihood
Intercept only

665 .1

Intercept and covariates
Akaike Information Criterion
Intercept only
Intercept and covariates
Schwartz Criterion
Intercept only
Intercept and covariates

496.1
677.1
512.1
697.4
539.2

% Concordant pairs

80.9

% Discordant pairs

14.2

% Tied pairs

4.9

Kendall's Tau-a (n = 17444)

0.483
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TABLE 14. Results of a stepwise logistic regression model testing distinctiveness
of "dummy" macrohabitats surrounding feeders. (a) Variable parameters.
Parameters of intercepts are excluded in this table, but are available from the
author. Degrees of freedom= I and P ~ 0.014 for the selected variable. (b)
Model parameters.
(a) Habitat component variable in the model:
Variable
% Flatwoods

beta
-2.564

s.e.
1.048

estimate

Nagelkerke's R 2

0.03

- 2 Log Likelihood
Intercept only

665 .1

Intercept and covariates

658.8

Akaike Information Criterion
Intercept only

677.1

Intercept and covariates

672.8

Schwartz Criterion
Intercept only
Intercept and covariates

697.4
696.6

% Concordant pairs

52.6

% Discordant pairs

36.2

% Tied pairs

11.3

Kendall's Tau-a (n = 17444)

odds ratio

5.985

-0.169

0.077

Wald

(b) Overall model parameters
Parameter

x2

standardized
estimate

0.119
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TABLE 15. Macro habitats designated by hierarchical cluster analysis of habitat
component variables and used in this study.

Macro habitat

Description

Moist forest

Understory relatively diverse, but primarily flatwoods and
bayhead communities with low levels of disturbance. Dense
(~ 80%) slash pine canopy.

Shrubby flatwoods

Diverse understory a mix of flatwoods, oak, and seasonal
pond communities with moderate levels of disturbance.
Slash pine canopy sparse to moderate.

Open flatwoods

Understory dominated by cutthroat or other native grasses
resulting from abundance of seasonal ponds. Scattered
patches of oak and flatwoods shrubs. Slash pine canopy
moderate to dense. Disturbance low.

Shrubby park

Understory consists of xeric, low diversity, oak communities
with occasional to moderate human modified patches.
Sparse to moderate slash pine canopy cover. Moderate
disturbance.

Open park

Understory greatly modified by humans and recently
disturbed. Scarce patches of oak-dominated shrubs. Sparse
to moderate slash pine canopy.

Dry forest

Oak-dominated understory dense, xeric, homogeneous, and
long undisturbed. Dense sand pine canopy ( ~ 90%),
occasionally with slash pine.

Citrus

Citrus grove. Other elements occasional if plot is near the
edge of a grove.
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16. Habitat component variables selected by stepwise logistic regression as
good predictors of presence and absence of jays on point count plots.
TABLE

a. Habitat component variables in the model :
Variable

p

s.e.

Wald
Statistic

% citrus

2.137

0.928

5.305

-10.424

2.536

16.891

%pond

-5.410

2.147

Simpson*%

-5.247

Simpson*%
total forest
constant

% flatwoods

Partial
correlation

p

df

exp(P)

0.021

0.131

8.478

1

<0.0001

-0.278

<0.0001

6.347

1

0.012

0.15

0.005

1.555

11.391

1

0.0007

-0.220

0.005

6.639

1.428

21.615

I

<0.0001

-0.768

0.407

3.557

1

0.059

P. clausa

0.3184

b. Model if term removed
Term removed

log likelihood

-2 log LR

df

p

% citrus

-57.749

6.487

1

0.0109

% flatwoods

-70.386

31.761

I

< 0.0001

%pond

-57 .988

6.964

1

0.0083

Simpson * % P. clausa

-62.727

16.443

I

0.0001

Simpson * % total
forest

-86.968

64.925

c. Classification Table
Percent correctly classified (n)
Absent

Present

Total

87.91 (91)

76.36 (55)

83.56 (146)

< 0.0001

764.177

TABLE 17. X, 2 scores reflecting differences in Mayfield estimates of probability of nest success among
macrohabitats as detected using Program CONTRAST (Hines and Sauer 1989). Because 21 comparisons
were made, a Bonferroni correction was employed, and 2-tailed P values ~ 0. 0024 were considered
significant. X, 2 scores ( df = 1 for each) are shown in the cells of the matrix. Scores ~ 9. 2 meet the
significance criterion. Thus, all but three of the comparisons are significant (significant scores in boldface).
Macrohabitats are ordered by success rate from highest (moist forest) to lowest (citrus). Actual rates of
nest success among the macro habitats are depicted in Figure 9.
Macrohabitat (n)
Moist forest ( 13)
Shrubby park (30)
Open flatwoods (3)
Open park ( 68)
Shrubby flatwoods (32)
Dry forest (21)
Citrus (7)

Moist
forest

Shrubby
park

87.5

Open
flatwoods

Dry

Open
park

Shrubby
flatwoods

forest

Citrus

16.0

226.5

267.7

331.0

340.4

0.1

388.2

533.0

890.3

504.6

4.1

6.8

11.4

14.9

83.4

512.7

153.4

102.4

65.7
11.0
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TABLE 18. Variables selected by stepwise logistic regression as good predictors of nest
success.
a. Variables in the model

p

Variable

s.e.

Wald
statistic

df

p

Partial
correlation

exp (P)

week of first
egg

-0.270

0.087

9.700

1

0.0018

-0.211

0.7635

% P. el/iottii
canopy cover

2.564

0.857

8.949

1

0.0028

0.200

12.990

constant

0.226

0.505

0.200

1

0.655

b. Model if term removed
Term removed

log likelihood

-2 log LR

df

P

week of first egg

-81.807

12.239

1

0.0005

% P. e/liottii canopy cover

-80.635

9.894

1

0.0017

c. Classification table
Percent correctly classified ( n)
Failed

Successful

Total

82.05 (78)

56.86 (51)

72.09 (129)
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TABLE 19. Habitat component variables selected by stepwise logistic regression as good
predictors of nest success when week of first egg was removed from the model.
a. Habitat component variables in the model
Wald
statistic

df

0.749

11.692

1

0.0006

0.284

29.508

1

< 0.0001

p

s.e.

% P. el/iottii
canopy cover

2.561

constant

-1.541

Variable

Partial
correlation

p

0.216

b. Model if term removed
Term removed

log likelihood

-2 log LR

df

P

% P. el/iottii canopy cover

-104.314

12.531

1

0.0004

c. Classification table
Percent correctly classified (n)
Failed

Successful

Total

95 .73 (117)

21.15 (52)

72.78 (169)

exp (P)
12.947
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TABLE 20. Differences in predicted probability of nest success (at least one
fledged young) among different levels of fledgling production. Predicted
probability of success for each nest plot was derived via a logistic regression
model with percent P. e/liottii canopy cover as the only independent variable
(see Table 18).
Kruskal-Wallis I-way ANOVA
Number fledged

n

mean rank

0

117

77.50

I

9

100.93

2

19

102.76

3

19

113 .74

4

5

56.10

x2
14.455

df
4

p
0.006
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TABLE 21. Relationship of nest success and micro habitat features within 0. 1 ha plots
based on stepwise logistic regression analysis. n = 52 nest plots.
a. Variables in the model

P

s.e.

Wald
statistic

Number of P.
el/iottii
individuals

0.349

0.014

6.596

1

0.010

constant

-1.583

0.434

13.319

I

0.0003

Variable

df

P

Partial
correlation

exp (P)

0.268

1.036

b. Model if term removed
Term removed
Number of P. elliottii individuals

log likelihood

-2 log LR

df

p

-32.097

9.945

I

0.0016

c. Classification table
Percent correctly classified (n)
Failed

Successful

Total

94.44 (36)

31.25 (16)

75 .00 (52)

129
TABLE 22. Relationship of nest success and microhabitat features within 0.07 ha plots.
Logistic regression analysis. n = 52 nest plots.
a. Variables in the model
Wald
statistic

df

P

P

s.e.

Number of P.
e/liottii
individuals

0.081

0.033

5.918

1

0.015

constant

-1.429

0.411

12.099

1

0.0005

Variable

Partial
correlation

exp (P)

0.247

1.085

b. Model if term removed
Term removed
Number of P. e/liottii individuals

log likelihood

-2 log LR

df

p

-32.097

7.051

1

0.008

c. Classification table
Percent correctly classified ( n)
Failed

Successful

Total

94.44 (36)

37.50 (16)

76.92 (52)
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23. Macro habitat-specific survival rates and capture probabilities
of blue jays sighted during census periods, 1993-199 5.
TABLE

Survival Rate

Capture Probability

¢,

s.e.

p

s.e.

Dry forest•

0. 7151

0.1609

0.5809

0.1110

Open park•

0.5322

0.0696

0.6607

0.0640

Shrubby flatwoodsb

0.3892

0.1330

0.4086

Shrubby parkb

0.6558

0.0779

0.8728

Macro habitat

• Estimated from Jolly-Seber Model D (Pollock et al. 1990). The model fit
the data well (P > 0.05)
b Estimated from Jolly-Seber Model A (Pollock et al. 1990). However, the
model did not fit the data well (P < 0.05). Consequently, standard errors
for capture probabilities were not calculated.
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TABLE 24. Results of a logistic regression model designed to predict failure and
success of blue jay nests using the five habitat component variables that were selected
as good predictors of presence and absence of blue jays on point count plots. The five
variables were forced into the present logistic regression model.
a. Habitat component variables in the model:
s.e.

Wald
Statistic

df

p

1.428

1.052

1.845

1

0.174

0.000

4.172

% flatwoods

-0.325

1.124

0.084

1

0.773

0.000

0.723

%pond

0.758

1.428

0.282

1

0.596

0.000

2.134

Simpson•%
P. clausa

-1.121

0.662

2.867

0.094

-0.065

0.326

Simpson•%
total forest

1.124

0.402

7.806

1

0.005

0.167

3.078

-1.518

0.329

21.341

1

0.000

p

Variable
% citrus

constant

b. Classification Table
Percent correctly classified ( n)
Failed

Successful

Total

94.87 (117)

15.38 (52)

70.41 (169)

Partial
correlation

exp(P)

TABLE 25. Summary of demographic parameters of Blue Jays at Archbold Biological Station. Values presented in this table
have been rounded to three significant figures.

Macro habitat
Demographic Parameters

Moist
forest

Shrubby
flatwoods

Probability of nest success a

0.634

Probability of at least 1 successful nest / year b

Citrus

Shrubby
park

Open
flatwoods

Open
park

Dry
forest

0.166

0.079

0.360

0.342

0.206

0.114

0.982

0.515

0.280

0.832

0.812

0.602

0.384

x fledglings / successful nest

2.333

1.778

2.667

2.583

1.000

2.533

3.000

x fledglings / pair / year c

2.291

0.916

0.747

2.149

0.812

1.524

1.151

x ~ fledglings / pair / year d

1.146

0.458

0.373

1.074

0.406

0.762

0.575

Mininum probability of juvenile survival e

0.235

0.235

0.235

0.235

0.235

0.235

0.235

Mininum # surviving~ juveniles / pair f

0.269

0.108

0.088

0.252

0.095

0.179

0.135

x adult mortality g

0.450

0.450

0.450

0.450

0.450

0.450

0.450

0.468

0.285

0.397

0.300

0.383

0.474

0.591

0.783

Habitat-specific adult mortality h

0.615

Minimum productivity i

0.597

Habitat-specific productivity j
Juvenile survival rate necessary for
replacement-level productivity based on
adult mortality
Continued on next page

0.240

0.344
0.195

0.176
0.393

0.984

0.560

0.211

0.732
1.207

0.419

1.109

x

w

N

TABLE 25. (Continued).

Juvenile survival rate necessary for
replacement-level productivity based on
habitat-specific mortality 1c

1.343

0.320

0.614

0.495

• Mayfield estimate. See text for details.
1 - ( 1 - p ncstsucccss}4.
c (probability of at least 1 successful nest/ year) (x fledglings/ successful nest).
d (x fledglings/ pair/ year) (0.5).
e See text for explanation of calculation.
f (x ~ fledglings/ pair/ year) (minimum probability of juvenile survival).
8
Jolly-Seber Model D estimates.
h Estimates for open park and dry forest are robust. Other estimates may not be robust. See text for details.
i (Mininum # surviving ~juveniles/ pair)/ (x adult mortality).
j (Mininum # surviving~ juveniles/ pair)/ (habitat-specific adult mortality). Estimates for open park and dry forest are robust.
k Estimates for open park and dry forest based on robust adult survival rates. Other estimates may not be robust.
b

......

w
w

TABLE

26. Habitat occupancy distribution models relating density, success, and individual quality.
Support or exclusion from the
present study?

Model

Conditions

Predictions

Equal Competitors
Interference Ideal
Free

1) Resources constant
2) Equal competitors

Density varies, yet success is
equal among habitats; individual
quality does not vary among
habitats

Exclusion: productivity varied
among macrohabitats

Phenotype-Limited
Interference Ideal
Free

1) Resources constant
2) Unequal competitors
3) Relative payoff for a
phenotype changes among
habitats.

Density, success, and individual
quality covary among habitats

Exclusion: Density and
productivity not correlated;
low-quality individuals not
concentrated in low-quality
macro habitats

Ideal Despotic

I) Resources constant
2) Equal competitors
3) Established individuals
restrict settlement of incoming
individuals

Success varies among habitats.
Some authors contend that
density and success should
covary among habitats

Not falsified: Productivity
unequal across macrohabitats.
May be excluded if covariance
of density and productivity is a
valid prediction of the model
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Abrahamson et al. 1984). Expansive citrus groves are east of the mapped region;
improved pasture is to the west. See Table 8. for description of communities.
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breeder, divided by mortality of adult females. See text for discussion of calculations. In
(a) and (b ), adult mortality is assumed to be constant across macrohabitats, and is derived
from a robust estimate of survival. In ( c) and (d), adult mortality varies across macrohabitats, but estimates are robust only for two (see text). In (a) and (c), juvenile survival
is assumed to be 45%; it is assumed to be 23 .5% in (b) and (d). Points above the dashed
lines represent source macrohabitats; those below the lines represent sink macrohabitats.
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